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CHRONIC BRONCHOPULMONARY DISEASE DUE TO INHALATION 
OF SULFURIC ACID FUMES 


ALFRED GOLDMAN, M.D. 
AND 


WILLIAM T. HILL, M.D. 
ST. LOUIS 


ULFURIC acid mist is a common industrial hazard. However, reports of injury 
resulting from the inhalation of sulfuric acid mist and fumes are rare. Hamilton 

and Hardy * state that the action of sulfuric acid fumes is on the upper respiratory 
tract, that this action is not severe, and that there is no instance of bronchitis or 
bronchopneumonia traceable to such fumes. Haggard * reports that the acid acts 
as an upper respiratory tract irritant and that edema or spasm of the larynx, with 
death, may occur. Amdur, Schulz, and Drinker * exposed guinea pigs to concentra- 
tions of sulfuric acid mist ranging from 8 to 50 mg. per cubic meter of air for 8 to 
72 hours. This exposure produced two effects: the first was a fatal laryngeal spasm 
which occurred particularly in young animals ; the second was mucinous degeneration 
of the pseudostratified columnar epithelium of the trachea, large bronchi, and even 
small bronchioles, with associated focal areas of hemorrhage and atelectasis. Animals 
killed three weeks after exposure to smaller concentrations showed thickened 
alveolar walls, atelectasis, mucinous degeneration of the bronchial epithelium, 
amorphous exudate in the alveoli, cellular infiltration, and fibrosis. Amdur, Silver- 
man, and Drinker * exposed human subjects to concentrations of sulfuric acid mist 
ranging from 0.35 to 5 mg. per cubic meter of air for 5 to 15 minutes. The subjects 
were unable to detect the presence of the mist at the lower concentrations. The most 
striking effect was a shallow and rapid breathing, a protective reflex mechanism 
to decrease the retention of the acid particles in the bronchioles and alveoli. Because 
of the rarity of bronchopulmonary lesions in man from sulfuric acid fumes, it was 


felt that the following case of severe permanent damage to the respiratory tract 
should be reported. 


From the Department of Internal Medicine, Washington University School of Medicine, and 
the Department of Surgical Pathology, Barnes Hospital (Dr. Goldman) ; Trainee of the National 
Cancer Institute in the Department of Surgical Pathology, Barnes Hospital (Dr. Hill). 

1. Hamilton, A., and Hardy, H. L.: Industrial Toxicology, Ed. 2, New York, Paul B. 
Hoeber, Inc., 1949. 


2. Haggard, H. W.: Action of Irritant Gases upon Respiratory Tract, J. Indust. Hyg. 5:390- 
398, 1924. 


3. Amdur, M. O.; Schulz, R. Z., and Drinker, P.: The Toxicity of Sulfuric Acid Mist to 
Guinea Pigs, A. M. A. Arch. Indust. Hyg. 5:318-329, 1952. 


4. Amdur, M. O.; Silverman, L., and Drinker, P.: Inhalation of Sulfuric Acid Mist by 
Human Subjects, A. M. A. Arch. Indust. Hyg. 6:305-313, 1952. 
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REPORT OF CASE 


First Hospital Admission—A. B., a white man 40 years old, was hospitalized from Oct. 26 
to Dec. 7, 1951. 

History.—The patient worked in the phenol department of a chemical plant. He had been 
healthy and had not had any illnesses suggesting pulmonary disease. His job involved the 
sulfonation of benzene to monosulfonic acid, the first step in the production of phenol. In the 
process 35% oleum (fuming sulfuric acid), the equivalent of 108.04% sulfuric acid, was pumped 
from a storage tank into a series of six sulfonators. On Oct. 26, 1951, while the patient was 
working on a platform where this operation was performed, a leak developed in one of the 
pumps. He attempted to fix the leaking pump, but while he was doing so the packing in the 
valve blew out and the liquid oleum spurted into his face, temporarily blinding him. (Benzene 
had not been added to the oleum.) The patient turned on a safety shower, and the reaction of 
the water with the oleum produced fumes which were so thick as to cause him to grope about 
on the platform for eight minutes before he could find his way off. He was rushed to a local 
hospital for treatment of the burns. 


Physical Examination—On admission the patient had a temperature of 99.4 F., pulse rate of 
110, respiration rate of 36 and blood pressure of 94/70. Respirations were rapid and shallow, 
and there was slight cyanosis. The patient had second- and third-degree burns of the left face, 
neck, arms, and thighs. The left conjunctiva was injected. Auscultation of lungs and heart 
revealed coarse, moist rales throughout both lungs, and the heart sounds were faint. 


Laboratory Examination—On Oct. 27, 1951, the white blood cell count was 17,900, with 
13% stab forms. A chest x-ray (portable) showed generalized pulmonary congestion and sug- 
gestive left basal pneumonitis. On Nov. 7, 1951, the white blood cell count was 11,000. An 
electrocardiogram suggested myocardial damage. 

Course in Hospital—The patient’s respiratory difficulty required an oxygen tent for relief. 
Initially, he had difficulty in swallowing, but this symptom subsided. His cough was productive 
of thick, frothy, blood-tinged mucus. The sputum remained blood tinged for seven days, slowly 
changing to a yellow color during the hospital stay. The temperature reached 101 F. on the third 
and fifth hospital days but was normal by the ninth day. The patient showed slow but definite 
response to supportive treatment (oxygen for 10 days, penicillin, streptomycin, corticotropin 
[40 mg. per day] for 5 days, atropine, and 50% dextrose [50 cc. I.V.] for 8 days). He was dis- 
charged six weeks after admission, with a loss in weight of 8 lb. A chest x-ray taken one week 
prior to discharge showed accentuated peribronchial vascular markings, heart deviated to left, 
and a flattened left diaphragm. The diagnosis was chemical burns (sulfuric acid), second and 
third degree, of face and body and pulmonary edema due to chemical inhalation. 

Second Hospital Admission—A. B. was again hospitalized from May 15 to May 24, 1952. 

Interval History.—The patient, on readmission, complained of chronic cough, dyspnea, and 
orthopnea. The cough was productive of large amounts of thick, yellow sputum. The dyspnea was 
so severe that he was unable to work. The orthopnea was relieved only by sleeping in an upright 
position on a hospital bed. 

Physical Examination—There were many irregular scars and pockmarks on the patient’s 
left face and body (Fig. 1). Chest examination revealed a moderate degree of wheezing and 
basal rales which were more marked on the left. 


Laboratory Examination.—Chest x-ray showed accentuated peribronchial vascular markings 
suggesting interstitial fibrosis (Fig 2). The heart was deviated to the left, and the diaphragms 
were sluggish on fluoroscopic examination. Bronchography showed a cylindrical bronchiectasis 
of the left lower lobe, with moderate atelectasis, and bronchiectasis of a slighter degree involving 
the lingula and the right lower and middle lobes (Fig. 3). Bronchoscopy revealed a reddened 
mucous membrane, with considerable secretion coming from the lower bronchi. The vital capacity 
was 52% before and after the administration of epinephrine. The microscopic examination of 
sputum was negative for fungi or eosinophiles. The sputum cultures contained beta hemolytic 
streptococci, diphtheroid, and Neisseria. An electrocardiogram was interpreted as showing an 
abnormal ventricular complex. 
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Fig. 2—Chest x-ray suggesting diffuse interstitial fibrosis. Note suggestive atelectasis of 
the left lower lobe. 


7 
Fig. 1—Scars of burns from sulfuric acid fumes seven months after accident. 
Se 
| 


Fig. 3.—Chest x-ray showing cylindrical bronchiectasis of the left lower lobe, with partial 
atelectasis. 


Fig. 4.—Section of the left lower lobe, showing dilatation of the bronchus, with peribronchial 
fibrosis. Note mucin and epithelial debria in the lumen. x 110. 
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Course in Hospital—The patient received intensive aerosol and parenterally administered 
penicillin and streptomycin but did not show improvement. The diagnosis was bronchiectasis 
and atelectasis of the left lower lobe, bronchiectasis of the lingula and the right lower and 
middle lobes, and diffuse interstitial fibrosis. 

Third Hospital Admission—A. B. was hospitalized for a third time from Dec. 2 to Dee. 5, 
1952. 


This hospitalization was deemed necessary to study further the patient’s pulmonary reserve 


and function in anticipation of surgery. The complaints and physical findings were the same as at 
the second hospitalization. 


Laboratory Examination.—Repeat bronchograms showed bronchiectasis of the left lower lobe 
(marked), the lingula, the right lower lobe, and the right middle lobe. Pulmonary function 
studies revealed that the maximum breathing capacity was 45 liters (estimated normal, 113 
liters), the vital capacity was 1,850 cc. (normal, 3,600 cc.), and the residual air was 63% (top 
normal, 35%). The interpretation of these findings was pulmonary emphysema, with very poor 
mixing of air. The diagnosis was multilobe bronchiectasis, pulmonary emphysema, and diffuse 
interstitial fibrosis. 


Fourth Hospital Admission—A. B. was hospitalized for a fourth time from Jan. 21 to Feb. 
5, 1953. 


The patient was readmitted to the hospital for a left lower lobectomy, which was performed 
Jan. 26, 1953, by Dr. Thomas H. Burford. The patient made an uneventful postoperative 
recovery. 


Pathology Report—Gross: The specimen is the left lower lobe of the lung which is covered 
with a smooth, nonthickened, glistening visceral pleura. The parenchyma is subcrepitant and 
atelectatic, with a dark brown color resembling chronic passive congestion. The bronchi are 
prominent and dilated and extend outward toward the periphery of the lobe. The bronchial 
mucosa is covered with a thick tenacious exudate. 


Microscopic: There is pronounced dilatation of the bronchial lumina of the first and second 
order (Fig. 4), with stratification of the bronchial mucosa, peribronchial fibrosis, and foci of 
lymphocytic infiltration (Fig. 5). The bronchial lumina contain mucin, epithelial debris, and a 
few polymorphonuclear leucocytes. The parenchyma shows patchy interstitial fibrosis ; the alveoli 
contain numerous hemosiderin-laden macrophages and foci of atelectasis. In addition there are 
small bronchial remnants surrounded by fibrous connective tissue and cartilage, in which there 
anatomically should be bronchi of a larger order. This apparently represents previous necrosis 
and attempts at reepithelization (Fig. 6). The changes can be interpreted only as representing 
bronchiectasis. However, it is believed that these histological changes are compatible with the 
acute changes described by Treon® and Amdur? when correlated with the clinical history and 
objective findings. It is further believed that this specimen represents advanced disease produced 
by inhalation of sulfuric acid fumes, the pathogenesis being the same as with an inflammatory or 
destructive process of the pulmonary parenchyma (destruction of elastic fibers, with resultant 
bronchiectasis and interstitial fibrosis). 


COMMENT AND SUMMARY 


A 40-year-old white man, previously healthy, was accidentally exposed to liquid 
oleum (fuming sulfuric acid) and for eight minutes to sulfuric acid mist and fumes 
from the action of water on oleum. He was severely burned about the face and body. 
Respiratory difficulty developed immediately, requiring 10 days of oxygen therapy 
and six weeks of hospitalization. Eighteen months later the patient had a disabling 
pulmonary fibrosis, residual bronchiectasis, and pulmonary emphysema. 


5. Treon, J. F.; Dutra, F. R., and Cappel, J.: Toxicity of Sulfuric Acid Mist, Arch. Indust. 
Hyg. & Occup. Med. 2:716-734, 1950. 
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In view of the experimental work on animals, this case suggests the following 
sequence of events. The immediate effect of the fumes was edema of the larynx and 
tracheobronchial tree and probably pulmonary edema. Partial atelectasis of the left 
lower lobe occurred early. Large amounts of white, frothy, and hemorrhagic sputum 
were present early in the disease, denoting necrosis and mucinous degeneration of 
the bronchial epithelium. Secondary infection occurred, and multilobe bronchiectasis 
developed, which was most marked in the left lower lobe. As a resultant there was 
an interstitial fibrosis and pulmonary emphysema. It appears likely that these 
changes in the bronchopulmonary tract are permanent, because they persisted for 
18 months. The lesions described in this patient are similar to the changes occurring 
in guinea pigs exposed to sublethal doses of sulfuric acid mist.* It is unlikely that 
chronic changes will often result in humans, for sulfuric acid fumes are so irritating 
that workers cannot remain in such an atmosphere. 
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CURRENT LINES OF ATTACK ON THE SMOKE PROBLEM 
IN BRITAIN 


PETER C. G. ISAAC, B.Sc. (Eng.), S.M., A.M.I.C.E. 
NEWCASTLE UPON TYNE, GREAT BRITAIN 


G6 EARLY all the atmospheric pollution in Britain is made by the burning 

of coal and coke, although there are contributions from fuel handling, 
oil and petrol burning, chemical processes, and natural sources.”' This paper 
therefore is going to be concerned with the problem of controlling atmospheric 
pollution by the products of combustion of coal and coal products, and, for brevity, 
we shall call this smoke. 

Now this problem is no new one in Britain: as long ago as 1257 Eleanor, 
Henry III’s Queen, was forced to leave Nottingham because of the coal smoke. 
Soon after this, the first smoke-abatement law was passed by Edward I (1273), 
who prohibited the use of coal as being prejudicial to human health. In 1306 the 
first smoke-abatement group was “formed” by the lords spiritual and temporal 
and others attending Parliament who were annoyed at the increasing smoke; as 
a result a Royal Proclamation was promulgated prohibiting artificers from using 
coal in their furnaces. The following year one offender was condemned and 
executed for this offense.* 

Throughout the centuries the agitation against smoke has continued. Today, 
however, the emphasis is on using fuel efficiently so as to avoid the production 
of smoke, rather than on the Canute-like attempt. to prevent the use of coal. 
Though, as we shall see later, the wheel is turning full circle, since in the smoke- 
less zones which have been established in some British cities it is an offense to 
use other than “smokeless” fuels, which do not include raw coal. 


EXTENT OF THE PROBLEM AND METHODS OF CONTROL 


A good idea of the extent of the smoke problem in Britain is given by Parker * 
in his estimate of the sources and extent of the pollution from the combustion of 
coal and its products, as shown in the Table. 


Parker * has estimated that the damage to buildings, equipment, fabrics, and 
agriculture, together with the waste of fuel involved in producing smoke, costs 


Presented by Mr. B. J. Lewis at the Fourteenth Annual Meeting of the American Indus- 
trial Hygiene Association, Los Angeles, April 25, 1953. 

Mr. Isaac is lecturer in Civil Engineering, University of Durham, and is connected with 
the Public Health Engineering Laboratory, King’s College, Newcastle upon Tyne, Great Britain. 


1. Meetham, A. R.: Atmospheric Pollution, London, Pergamon Press, 1952. 
2. Steer, W. R. H.: Smoke and the Law, Proceedings Nineteenth Conference National 
Smoke Abatement Society, Sept., 1952, pp. 10-16. 

3. Parker, A.: Cities Without Smoke, J. Roy. Soc. Arts 99:85-104, 1950. 
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Britain at least £50,000,000 per year. Marsh‘ has estimated the cost at double 
this amount, allowance being made for postwar increases of cost. 

Measurement of Pollution in Britain—The distribution of this pollution is 
very variable both in time and in space, as is well known. It has long been recog- 
nized therefore that it was necessary to gain information on the sources and 
quantities of pollution and on meteorological conditions. In 1912 an Advisory 
Committee on Atmospheric Pollution was set up, which shortly afterwards became 
a Committee under the Meteorological Office. In 1927 the work of this Com- 
mittee was transferred to the Department of Scientific and Industrial Research, 
and in 1945 it came under the aegis of the Fuel Research Board of that Depart- 
ment. This has ensured that research into improving the efficiency of fuel utiliza- 
tion and work on the reduction of smoke pollution go hand in hand. 


Main Uses of Coal and Estimates of Pollution in Great Britain in 1948 


Quantity of Pollution Produced 
Coal, Million Tons 
Million per Annum 
Type and Use of Fuel Annum Smoke Ash SOz 


Electricity-generating statioms.................. 29 Small 02 03 


Coke and gas 
Coke ovens and use of coke................6.45 2 Small 


Small 


Gas industry 


shake | Small Small 0.1 


The systematic measurement of pollution in Britain was started about 1916 
with the introduction of the deposit gauge. Since that time measurements of 
deposited matter, of smoke, and of sulfur dioxide have been made with the cooper- 
ation of an increasing number of local authorities and other bodies. In 1952 
there were 140 cooperating bodies, including nationalized undertakings, univer- 
sity departments, and research organizations, as well as local authorities.’ The 
instruments currently in use for this routine investigation have been fully described 
by Parker and Richards ® in their paper to the United States Technical Confer- 
ence on Air Pollution in 1950 and need not here concern us further. 

Control by General and Local Laws.—It must be emphasized at this stage 
that, with the exception of the smokeless zones which will be discussed later, 


4. Marsh, A.: Smoke: The Problem of Coal and the Atmosphere, London, Faber & Faber, 
Ltd., 1947. 

5. Wilkins, E. T.: Review of the Fuel Research Station’s Investigations of Atmospheric 
Pollution, Proceedings Ninteenth Conference National Smoke Abatement Society, Sept., 1952, 
pp. 29-32. 

6. Parker, A., and Richards, S. H.: Instruments Used for Measurement of Atmospheric 
Pollution in Great Britain, in United States Technical Conference on Air Pollution, 1950: Air 
Pollution; Proceedings; Sponsored by the Interdepartmental Committee on Air Pollution, 
McCabe, L. C., Chairman, New York, McGraw-Hill Book Company, Inc., 1952, pp. 531-542. 
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statute law in England does not cover the private dwelling, and, regrettably, a 
number of industrial processes are partially or completely exempt. Recourse may 
be had to Common Law, however, for a nuisance from whatever source. 


The Public Health Act, 1936, and, for London, the Public Health (London) 
Act, 1936, are those general statutes upon which local authorities will mainly 
rely for preventing smoke nuisance. Under them the local sanitary authority 
is required to inspect its district from time to time for the detection of “statutory 
nuisances”; this inspection will be carried out by appropriately qualified medical 
officers and sanitary inspectors. Statutory smoke nuisances are defined as any 
installation for the combustion of fuel for manufacturing processes or for steam- 
raising that does not prevent, so far as practicable, the emission of smoke to the 
atmosphere, or as a chimney which emits smoke in such quantity as to be a nui- 
sance. (Smoke here includes soot, ash, grit, and gritty particles.) The model 
bylaw, which is adopted by many local authorities, defines the second type of 
statutory smoke nuisance as one in which black smoke is emitted for more than 
2 minutes in any period of 30 minutes. However, since the domestic chimney 
is excepted and since many industries in which black smoke may be an inevitable 
consequence of the process used are also excepted, it has usually been found very 
much more effective to attack this pollution along the road of fuel economy than 
by means of summary action under this statute. In addition, these statutes permit 
local authorities to group into Joint Boards for the control of atmospheric pollu- 
tion and to expend money on research and investigation into its causes and control. 

The 1936 Act also applies to vessels in inland or coastal waters but not to 
vessels habitually used as sea-going ships. Under the Railways Clauses Consoli- 
dation Act, 1845, steam locomotives must be constructed so as to consume their 
own smoke. 

There are also a fair number of local Acts which have more stringent require- 
ments. However, it is probably fair to say that the very considerable improve- 
ment in atmospheric conditions in a number of British cities is due to the educational 
and advisory activities of the Sanitary Authorities rather than to their wielding 
of the statutory “big stick.” Some further information on this aspect of smoke 
control is to be found in Damon? and a detailed discussion in Steer.* 

Prior Approval—tIt would seem at first glance that prior approval of furnaces 
in Britain is less effective than in the United States, because it is nowhere man- 
datory. However, there are a fair number of cities which have statutory pro- 
visions for voluntary prior approval, and there is the possibility of countrywide 
control by administrative arrangements within the local authority, since the Town 
and Country Planning Act calls for the submission of plans of all new building. 

Goodfellow ® has given a valuable review of the operation of prior approval. 
The first legal provisions for prior approval were embodied in the Manchester 


7. Damon, W. A.: Legal Aspects of Atmospheric Pollution and Methods of Control Used 
in Great Britain, in United States Technical Conference on Air Pollution, 1950: Air Pollution; 
Proceedings ; Sponsored by the Interdepartmental Committee on Air Pollution, McCabe, L. C., 
Chairman, New York, McGraw-Hill Book Company, Inc., 1952, pp. 747-763. 


8. Steer, W. R. H.: The Law of Smoke Nuisances, Ed. 2, London, National Smoke Abate- 
ment Society, 1945. 


9. Goodfellow, J.: Prior Approval, Proceedings Nineteenth Conference National Smoke 
Abatement Society, Sept., 1952, pp. 26-28. 
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Corporation Act, 1946. These require that no furnace shall be installed unless it 
is, so far as practicable, capable of being operated continuously without emitting 
smoke; this does not apply to single dwellings. If the detailed plans of such a 
furnace are submitted for prior approval and either receive approval or do not 
receive disapproval within six weeks, no action can be taken against the person 
installing the furnace. Before the Corporation can serve a notice expressing dis- 
approval, it must consult with the Minister of Fuel and Power. In establishing 
what is “so far as practicable,’ due account must be taken of cost and of local 
conditions. Though the submission of plans for prior approval is seen to be vol- 
untary, it carries the incentive of removal of the threat of proceedings. In general, 
industrialists have cooperated well with the Corporation’s officials. 

Somewhat similar provisions are in force in other cities, notably Edinburgh, 
Birmingham, Bradford, Coventry, Bolton, Salford, Paisley, and many more. The 
Bolton scheme is interesting in that the Health Department has set up a panel 
to deal with proposals for approval. This panel consists of the Medical Officer, 
the Chief Sanitary Inspector, a Fuel Technologist, the Regional Engineer of the 
Ministry of Fuel and Power, the Borough Engineer, and an engineer nominated 
by industry. Many local authorities have achieved satisfactory results on this 
voluntary basis, which is indeed very much in the British tradition, but Good- 
fellow offers a number of relevant criticisms. 

The requirement of prior approval should be mandatory, not voluntary, and 
it should apply to all fuel-burning installations, not only to furnaces. At the 
present time the conditions of approval, which are so important in most American 
ordinances, namely, that the installation shall be maintained in the form in which 
it was approved and that it shall be efficiently operated, do not exist. Finally, in 
view of the fact that most councils and committees of councils meet monthly, six 
weeks seems a very short time for the local authority to indicate its approval. An 
extension, however, of the principle of prior approval, even in its present mode 
of application, must be very advantageous in directing attention to proper design 
of plant. 

Law, in the discussion following Goodfellow’s paper,® was very much less 
sanguine than the author. Law’s thesis appeared to be that, since any substan- 
tial reduction in atmospheric pollution depended on public opinion and_ public 
cooperation, statutory prior-approval clauses were of little value, if not actually 
harmful. He rightly points out that many local authorities had moved forward 
more quickly than public opinion and had, therefore, failed in their efforts. He 
does not seem, however, to point the moral that public opinion must therefore 
be led and the people be cajoled for their own good. It would seem that the main 
difference of viewpoint between Law and Goodfellow is in deciding on the relative 
proportions of cooperation and compulsion necessary in operating such a program. 

Smokeless Zones—Since early in 1951 Coventry has had a smokeless zone of 
some 30 acres; this is based on the commercial center redeveloped from the bomb 
damage of the War of 1939-1945. In May, 1952, some 104 acres in Manchester were 
also made into a smokeless zone; the latter contains 1,297 commercial premises, 
118 light-industrial undertakings, and only 68 dwelling houses.*° In these smokeless 


10. Burn, J. L.: Smokeless Zones and Other Methods in the Prevention of Domestic 
Smoke, Proceeding Nineteenth Conference National Smoke Abatement Society, Sept., 1952, 
pp. 32-35. 
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zones and in others projected elsewhere, all fuel must be burnt smokelessly ; for 
large installations this can permit the use of bituminous coal, but for domestic 
installations it demands, in effect, the use of smokeless fuels, such as coke, low- 
temperature-carbonized fuels, gas, or electricity. There has been therefore unfor- 
tunately some objection to these zones from property owners, and as a very regret- 
table result Salford’s scheme for three smokeless zones, 750, 320, and 160 acres in 
mainly residential areas, has been rejected by the Minister. 


Smokeless zones were first suggested as long ago as 1935 by the late Charles 
Gandy, a former Chairman of Council of the National Smoke Abatement Society. 
They are now a well-established part of the policy of this society, and their wider 
adoption must greatly depend on the educative efforts of this society and other 
similar bodies of informed opinion. With the present shortage of fuel in Britain, 
the adoption of smokeless zones is most usefully coupled with a stressing of the 
importance of using fuel more efficiently. The house owner who may be chary of the 
capital outlay on replacing the traditional open grate by a more efficient (and less 
smoky ) fuel-burning appliance can be attracted by savings in fuel costs obtainable 
with it. It has also been suggested that grants should be made by local authorities 
toward the cost of conversions in smokeless zones, but Martine *! feels that these 
grants should be subsidized by the central government. At the moment, two major 
obstructions to the general adoption of smokeless zones are the cost and the shortage 


of smokeless fuels. Any measures promoting the greater production of these fuels 
must be beneficial. 


E ficient Domestic Stoves.— Most of the 37,000,000 tons of coal used domestically 
in 1948 was burned in open grates and kitchen ranges of traditional design and very 
low efficiency.* It may be unduly sanguine, but I feel that about half the present 
domestic consumption of coal could be saved by its more efficient use; a very much 
smaller saving would, no doubt, be effected, since the greater efficiency of the newer 
appliances would be used to provide greater comfort for the same fuel outlay. 

Within recent years many manufacturers have made determined and successful 
efforts to design more efficient fireplaces and stoves for domestic heating. Most of 
these “will satisfactorily burn solid smokeless fuels, anthracite, low-volatile steam 
coal, and coke, with a heating efficiency at least twice as great as that of the tradi- 
tional open fire burning coal.” * The Fuel Research Station has tested many of these 
appliances and the Minister of Health,’* in consultation with the Minister of Fuel 
and other government departments, has issued to local authorities a list of approved 
appliances. It is sad to have to report that the vital recommendation in the 1946 
Simon Report,'* that the sale of appliances which are not so approved should be 
prohibited as soon as possible, has not yet been implemented." 

However, it can be reported that the sale of these newer and more efficient 
appliances has greatly increased since the end of World War II. At the same time 
increasing attention is being paid to improving the insulation of houses so as to 
conserve heat and reduce the amount of fuel used. 


11. Martine, W. R.: Incentives for Smoke Prevention: Domestic, Proceedings Nineteenth 
Conference National Smoke Abatement Society, Sept., 1952. pp. 43-45. 


12. Now the Minister of Housing and Local Government. 


13. Domestic Fuel Policy, Report of the Fuel and Power Advisory Council, Ministry of 
Fuel and Power, London, His Majesty’s Stationery Office, 1946. 
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Fuel Saving in Industry.—It is in industry perhaps that the greatest strides have 
been made in the more efficient use of fuel and especially in the generation of elec- 
tricity which now requires about 30,000,000 tons of coal per year.* In 1921, on the 
average, one kilowatt-hour of electricity required 3.4 lb. of coal; now only 1.4 Ib. 
is needed.* There is, however, much scope for further improvement in industrial 
fuel economy, since, according to Parker,’ the over-all efficiency of using coal in 
Britain cannot be more than 20%. 

During the War, in order to eliminate from merchant ships the tell-tale smoke 
plumes that occurred soon after firing, the Fuel Research Station designed smoke- 
eliminator doors for the furnaces. These provided the extra secondary air when it 
was needed. Not only were they effective in preventing the emission of smoke, but 
they also gave a valuable increase in boiler efficiency.* This principle has now been 
extended to the design of smoke-eliminator doors for a number of shell-type boilers, 
and these are being manufactured under license from the Fuel Research Station." 

Flue-Gas Scrubbing for SO2.—British coals and cokes made from them average 
about 1.5% sulfur, and this is converted to SO2 on combustion.’ So far the only 
scrubbing processes for SO. in use on a large scale in Britain are those at the 
Battersea and Fulham power stations. At Battersea the flue gas is washed with 
water from the River Thames. The natural alkalinity of the water combines with 
about 90% of the SO: to form sulfite which is oxidized to sulfate before discharge 
into the river. About 35 tons of water-4re required for every ton of coal burned, 
so that there are few sites in Britain where the very considerable quantity of water 
necessary can be obtained.* At Fulham the gas is scrubbed with water to which 
chalk is added; the calcium sulfite produced is oxidized to the sulfate which then 
separates as a sludge. The water is recirculated so that no liquid effluent is produced, 
though there is a troublesome sludge to be disposed of. At present prices these 
processes cost about 7 shillings and 10 shillings, respectively, per ton of coal burned. 

Both processes have the disadvantage of adding water vapor to the chimney 
gases and of lowering their temperature.* The result, therefore, under some 
atmospheric conditions is that the gases leaving the chimneys are not so readily 
dispersed in the atmosphere, and there have been some complaints locally on account 
of descent of these gases. 

In order to obtain a saleable product (ammonium sulfate), a process has been 
proposed and tested by Simon Carves, Ltd., and the Metropolitan Borough of 
Fulham.’ In this process, which has been further refined and tested by the Fuel 
Research Station, the gases are scrubbed with ammoniacal liquor from gasworks. 
“The economics of the process will obviously depend largely on the price paid for 
the ammonia used, but it seems likely that if the outstanding technical problems can 
be solved the net cost of operation should be considerably lower than that of either 
of the existing processes.” ° 

CONCLUSION 

It is hoped that this very rapid survey of the problem of atmospheric pollution 
due to the products of combustion of coal and its by-products in Britain will have 
served to indicate to the reader the main points of similarity and difference between 
the problem in that country and in America. In Britain, smoke pollution is of para- 


14. Monkhouse, A. C.: Coal Smoke: Its Nature and Prevention, Chem. & Indust. pp. 1129- 
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mount importance, and some idea of this importance is given by Parker’s estimate 
shown in the Table. The measurement of this pollution is briefly mentioned. 

It has been seen that, with the exception of the laws instituting the smokeless 
zones, the domestic polluter is safe from statute law in Britain as in America, gen- 
erally. Prior approval which is being applied on a voluntary basis, officially or 
unofficially, offers some hope for control in the future. The main hope of attack on 
the domestic offender is twofold: the smokeless zone and the more efficient use of 
fuel in modern appliances. The cooperation of industry in the prevention of atmos- 
pheric pollution is, on the whole, good, and here the main approach must be on fuel 
saving. Finally a number of methods of flue-gas scrubbing for the removal of SOz 
are described. 

The situation may be summed up by saying that, owing to fuel shortage in 
Britain, the problems of fuel economy and of the prevention of smoke pollution are 
closely bound together. This has turned the minds of heating engineers in new 
directions, and there is a certain aspiration, unfortunately but slightly consummated, 
for district heating. For example, a district-heating scheme has been designed to 
heat some 2,800 dwellings (apartments) in Pimlico with waste heat from the 
Battersea power station; it is now partly in operation, and it is hoped that the 
over-all efficiency of operation will be raised from 30 to 65%, with a consequent 
annual saving of some 10,000 tons of coal.’* 

The recent Ridley Report '® is most germane to this issue of fuel efficiency and 
smoke abatement. It stresses the social cost of smoke and makes the following 
recommendations in this respect : 

1. More efficient types of open fires should be developed to burn coal more 
efficiently and smokelessly. 

2. More gas should be used for domestic heating during peak loads on electricity 
generation. 


3. The fuel-efficiency advisory service should be expanded. 


4. Firms installing efficient equipment for combustion should receive financial 
incentives. 


5. Prior approval for industrial and commercial heating plants should be 
obtained. 


6. There should be more training schemes for stokers. 


7. Steam railway locomotives should be replaced by other types. 


8. There should be wider use of low-temperature carbonization for production 
of smokeless fuels. 


9. Smoke-abatement bylaws should be more generally adopted under the Public 
Health Act, 1936. 


10. There should be more smokeless zones. 


15. Isaac, P. C. G.: Public Health Engineering, London, E. and F. N. Spon, Ltd., 1953, 
Chaps. 10 and 11. 

16. Report of the Committee on National Policy for the Use of Fuel and Power Resources, 
Cmd. 8647, Ministry of Fuel and Power, London, Her Majesty’s Stationery Office, 1952. 
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CHRONIC ORAL TOXICITY OF DI(2-ETHYLHEXYL) PHTHALATE 
FOR RATS, GUINEA PIGS, AND DOGS 


CHARLES P. CARPENTER, Ph.D. 
CARROL S. WEIL, M.A. 
AND 
HENRY F. SMYTH Jr., Ph.D. 
PITTSBURGH 


- 1945 a Mellon Institute group published the results of acute and subacute 
experimental toxicity studies upon di(2-ethylhexyl) phthalate,’ familiar in the 
plastics industry under the trademark name of Flexol Plasticizer DOP.* That 
paper indicated the compound to be one which could be handled safely. Since 
that time applications of the material have been increased many fold. Large volumes 
are being handled currently in plastics fabrication, and proportionately more work- 
men are in daily contact with the plasticizer and its many compounds with the 
vinyl chloride resins. In the absence of communications in the literature from 
other laboratories, it has seemed appropriate to present the results of the more 
prolonged studies subsequently completed. 


TWO-YEAR ORAL DOSES TO RATS 


Procedure-—The same sample of di(2-ethylhexyl) phthalate, representative of commercial 
production, was used for the three chronic studies reported herein. 

Groups composed of 32 male and 32 female Sherman rats constituted the parental (P:) 
generation rats which were maintained for a maximum of two years on diets containing 0.4, 
0.13, and 0.04% of DOP. In addition, approximately 80 first filial generation (F:) rats were 
maintained for one year on a 0.4% concentration of DOP. Appropriate controls for each 
group received the basal diet without the chemical additive. 

The criteria of effect chosen for statistical evaluation by direct comparison with the untreated 
controls were as follows: mortality, life expectancy, body weight, food consumption, liver and 
kidney weights, micropathological changes, neoplasm incidence, hematology, and fertility. 

Rats were reared on Rockland Rat Diet (complete) * until they were one month of age, 
at which time the pellets were replaced with a modification of the Food Research Laboratory 
Diet 2-C, consisting of the following on a parts-by-weight basis: 

Cleaned whole wheat 

Dried liver extract, U. S. P 

Pure dried brewer’s yeast (Fleischmann Type 50-B inactive) 

Caleium carbonate, U. S. 

lodized table salt 


From the Mellon Institute. 

1. Shaffer, C. B.; Carpenter, C. P., and Smyth, H. F., Jr.: Acute and Subacute Toxicity 
of Di(2-Ethylhexyl) Phthalate with Note upon Its Metabolism, J. Indust. Hyg. & Toxicol. 
27:130 (May) 1945. 

2. The name Flexol is a registered trademark of the Carbide and Carbon Chemicals Co., 
a division of the Union Carbide and Carbon Corp. 

3. Product of the Arcady Farms Milling Co., Chicago. 
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When the rats had attained 60 days of age, the plasticizer was added to the diet in the 
concentrations mentioned. Restriction of the rat supply made it necessary to start the groups 
during a 28-day period rather than simultaneously. All rats that had lost weight, that had poor 
muscular tone, or that were not within + 2 standard deviations from the group mean weight 
were excluded before randomization was carried out. Two males and two females were placed 
together in wire-bottom metal cages at this time, and a food intake measurement was instituted. 
Drinking water and diet were furnished ad libitum. Each cage was equipped with a nonfouling 
water bottle and a Wahmann LC-306 food cup. These utensils were never transferred to any 
other cage unless washed and sterilized beforehand. 

Both P: and F, rats were weighed every two weeks until they had been on the diet for 
365 days. The P: rats were weighed every 28 days during their second year on the diet. 

The F; generations of rats, for the 0.4% DOP and the control diets, were established as fol- 
lows: Any female of the P; group pregnant after having been on the diet 120 days (180 days of 
age) was isolated until she had given birth and the pups were weaned or had died. She was fed 
during this interval from the same stock diet jar used for supplying her home cage. This jar 
per cage method eliminated the necessity of weighing each portion of food added to the feeders. 
The pups in excess of two males and two females were removed when they had attained 15 
days of age, at which time they began to eat the diet. The ultimate aim was to establish an 
F, group composed of 32 males and 32 females from the highest dosage level and control 
groups only. 

All animals in the F: group were killed when they had attained one year of age. After 
the P, rats had been on their respective diets for 365 days and had attained an age of 425 days, 
the groups were reduced to a maximum of eight males and eight females. All that survived 
were killed after two years on the diets, i. e., at 790 days of age. 

Portions of adrenal, heart, intestine, kidney, liver, lung, spleen, testis, or ovary were taken 
for histopathological examination, as well as portions of any other infected or abnormal sites. 

Statistical methods were used to analyze the significance of differences between dosed and 
control animals. The fiducial limit of P = 0.05 was set for this evaluation. Thus, if the prob- 
ability that two means are different by the ft test * is less than 0.05, the chances are at least 
19 to 1 or 95 in 100 that the difference is real and not due to random errors of sampling or to 
chance. 


Results —Mortality: When rats are studied during a two-year period which 
covers the major portion of their ordinary life span, a considerable mortality 
from infection and parturition is anticipated. The mortality will vary with the 
incidence of endemic pneumonia in the parent stock. Therefore, before consider- 
ing the mortality among the treated groups, the control figure should be examined. 
The mortality among the P; controls was 70.3%, which was 9.3% higher than 
the mortality among the 0.4% and 0.13% DOP treated groups and about 5% 
higher than that among the 0.04% group. With all four groups taken together, 
the mortality among the P; rats was 64.4%. Seventy-two per cent of these deaths 
were caused by lung infections, 14.6% by postpartum complications, 4.8% by 
peritonitis, and 0.6% by abdominal abscess and intestinal intussusception; 7.3% 
of the deaths were of undetermined origin. The last figure represents animals 
whose tissues had autolyzed beyond the point at which diagnosis could be made 
at autopsy. 

The statistics on mortality show that only 42.7% of the F; controls survived 
one year, as against 46.2% of the F; group receiving the 0.4% concentration of 
DOP. The fact that 42.2% of both the P; controls and the P; 0.4% DOP treated 
group survived one year demonstrates that 0.4% DOP had not influenced adversely 
the survival of the F; generation. 


4. Fisher, R. A.: Statistical Methods for Research Workers, Ed. 11, Edinburgh, Oliver 
& Boyd, Ltd., 1950. 
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Life Expectancy : It is possible that daily doses of a toxic material will shorten 
the life of an animal at a dosage too low to cause the development of detectable 
injury to a specific body function or structure. With this in mind, calculations 
were made on the life span of rats in this study. The expectation of life at one 
year for the P,; groups was as follows: 213.4 days for the controls and 194.6, 
213.9, and 217.7 days for the 0.4, 0.13, and 0.04% DOP treated groups, respec- 
tively. Rats that were killed for tissue study or that died before one year of doses 
were excluded from the calculation. The figures represent the average number of 
days to fate beyond one year of doses. Furthermore, the expectation of life at 
birth was 334.2, 362.9, 373.7, and 333.8 days for the groups in order as above. 
The groups that received the 0.4 and 0.13% concentrations of DOP exceeded 
the controls in life expectancy. None of these means showed statistically significant 
differences. 

Body Weight: The analyses of growth data were made on the biweekly 
weights after each such weight had been divided by the body weight of the rat 
at 60 days of age—the day the rats were started on the diet containing DOP. 
This procedure equated all subsequent weights to a percentage of the 60-day 
weight which then could be expressed uniformly as 100%. Weight comparisons 
were made only on male rats because of the weight-disturbing influence of preg- 
nancy among the females. 

The mean of each biweekly weighing. period for each group of rats was com- 
pared by the use of the ¢ test to the mean of the appropriate control group for the 
same level. At the 0.4% DOP level, both the P; and the F, males were sig- 
nificantly lower in weight than their controls, while the P, groups receiving the 
0.13 and 0.04% concentrations of DOP were equal to or slightly better than their 
controls. 

The above test is statistically valid, but it does not show the over-all effect of 
a chemical upon the growth of rats over the whole year period. Another statistical 
procedure was carried out which ascertained that the above conclusion was correct 
on the over-all basis, namely, a comparison of the over-all mean weights. 

There was no statistically significant difference between the maximum weights 
attained by the male P, rats alive at 380 days of age or by the male F, rats alive 
at 365 days of age and the weights of their respective controls. In fact, the P; group 
on a 0.04% DOP diet attained maximum weights significantly higher than those 
of the controls. 

Food Consumption: No significant differences in food consumption were found 
for either the P, or the F; groups after one year. After two years, the 0.4 and 
0.04% DOP treated groups had eaten significantly more of the diet than had the 
controls. The values were 14.3, 13.9, 14.1, and 13.7 gm. per rat per day for the 
groups receiving 0.4, 0.13, and 0.04% concentrations of DOP and the con- 
trol groups, respectively. The DOP dosages in terms of grams per kilogram 
per day were as follows: 0.4% P,, 0.20 gm. at one year and 0.19 gm. for two 
years; 0.13% P,, 0.06 gm. for both periods, and 0.04% P,, 0.02 gm. for both 
periods. Rats in the 0.4% F; group received 0.19 gm. per kilogram per day during 
their one year of existence. 

Liver and Kidney Weights: The mean liver and kidney weights, as percentages 
of body weight, were statistically significantly increased above those of the controls 
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for the 0.4% DOP treated P; males killed for tissues after 364 days on the diet. 
All other P, rats showed no significant variation from the control group as regards 
liver or kidney weights after 364 doses. 

The F, generation rats were all killed after 365 days of doses. Liver and kidney 
weights of both sexes showed a statistically significant increase over their controls. 
Thus, in both the P; and the F, groups at 0.4% DOP levels, these criteria which 
are precursors of damage were positive. Experience in two laboratories has shown 
that increased organ weights occur at levels well below those at which any definite 
histopathology is noted.® 

Micropathology: More than 2,000 tissue sections were cut, stained with hem- 
atoxylin and eosin, and examined by a pathologist. The rats that died as a result 
of lung infection had severe congestion and consolidation of this organ, usually 
accompanied by cloudy swelling and degeneration of the convoluted and loop tubules 
of the kidney and cloudy swelling, excessive pigment, congestion, and sometimes 
fatty degeneration of the liver. This picture occurred in the infected controls as 
well as in the treated groups. The incidence of organ damage in each treated group 
was statistically compared with the appropriate control, with no significant findings 
resulting in either the P; or F; groups. It is noteworthy that among the P, groups 
of from 9 to 17 rats that were killed for tissue and organ weight data at the termina- 
tion of one year of dosing only 1 rat of the 46 had any liver or kidney pathology. 
One rat from the 0.13% DOP treated group had cloudy swelling of the liver. In 
the F, group those rats receiving the 0.4% DOP concentration had a higher inci- 
dence of liver pathology than had the P,’s at the same age, but so did their 
controls. 

Neoplasms: Three P; rats on 0.4%, four on 0.13%, and two on 0.04% of 
DOP had tumors, as against five rats in the control group. The F, treated group 
had two tumors and the control group, one. None of these tumors were described 
as malignant by the pathologist, and their occurrence has no relation to plasticizer 
dosage. 

Hematology : Erythrocyte, leucocyte, and differential leucocyte counts, and hemo- 
globin estimations were made five times during two years on the P; generation 
rats and four times during one year on rats of the F; group. Sixteen males were 
used for the first blood counts of each group, 8 of these 16 being followed subse- 
quently or until they died. No deleterious or statistically significant differences 
were found between the mean counts of the DOP treated and the control rats. 

Fertility: Comparisons of litters born, total number of pups born, mean number 
of litters per female, mean size of litters, maximum number of litters by any female, 
pups stillborn or killed at once by the mother, and mean age at last litter were made 
from the data on P, and F, rats up to 365 days of age and from the data covering 
two years for the P, rats. 

The only statistically valid change among the DOP dosed rats was a decrease 
in the mean number of litters per female among the F; rats at the 0.4% level. This 
decrease was not present among the P, rats at the same dosage level. In assessing 
the significance of this finding, it was discovered that the breeding performance of 


5. Smyth, H. F., Jr.; Weil, C. S.; Adams, E. M., and Hollingsworth, R. L.: Efficiency of 
Criteria of Stress in Toxicological Tests, A. M. A. Arch. Indust. Hyg. 6:32 (July) 1952. 
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these depressed F, females was identical with that of rats in the P; control group 
and that F, controls had far outstripped all other groups in mean number of litters 
per female. Furthermore, rats in the 0.04% DOP treated group had exceeded their 
controls significantly and perhaps for the same reason, namely, that the P; controls 
were not too prolific. The net result was that no true effect upon fertility had been 
effected. 

Summary.—tThe rats maintained on concentrations of 0.13 and 0.04% DOP in 
their diet for periods extending up to two years were not affected deleteriously, as 
shown in the Table. Actually, these rats exceeded their controls in growth and 
equalled them in life expectancy. Both the parental generation and the first filial 
generation that were fed on a diet containing 04% of DOP were retarded in 
growth and had increased liver and kidney weights. The latter finding probably 
indicates early metabolic disturbance, even though no statistically valid difference 
in micropathology was demonstrated. Therefore, the ‘“no-effect” level for DOP in 
rat diets for a two-year feeding test lies between concentrations of 0.13 and 0.4% or 
between an intake of 0.06 and 0.20 gm. per kilogram per day. 


Statistically Significant Differences from Controls among Rats Fed Diets Containing 
DOP for One or Two Years 


Generation Pi Fi Pi P: 
DOP in Diet 0A% 0.4% 0.13% 0.04° 
Diet eaten for two years (Gm./kg./day) + 
All growth analyses methods 0 0 + + 


+ 


— 


Pi = parental generation rats. 

Fi = first filial generation derived from P:’s maintained on the same concentration; Fi controls were 
derived from P: control group. 

+ = increase above appropriate controls. 


— = no significant difference from controls. 
decrease below appropriate controls. 


ONE-YEAR ORAL DOSES TO GUINEA PIGS 


Procedure.—Groups of 47, 46, and 46 hybrid guinea pigs, 24, 23, and 24 of which were 
males, were fed diets containing 0.13, 0.04, and 0.00% of DOP. 

The criteria of effect used to determine response were the same as have been discussed in 
the rat study, with the deletion of hematology and fertility. The statistical methods were 
also similar. 

Preliminary observations were initiated when the guinea pigs were 23 days of age. During 
the major portion of this period and throughout the study the basic feed was ground Rockland 
Guinea Pig Diet C Fortified.6 Twenty-six days later the guinea pigs that had remained 
healthy and whose weights fell within + 2 standard deviations from the mean weight for 
that sex were randomly distributed among the groups mentioned above and started on their 
” diet. The animals were housed four to a cage, sexes separate; each cage had its own devices 

for feed and water, and these were not transferred unless previously washed and sterilized. 
The diet was furnished in a hopper-type feeder, and a nonfouling water dispenser was provided 
for ad libitum eating and drinking. 

The study was terminated after the animals had subsisted a maximum of 366 days on the 
diets. Body weight and liver and kidney weights were measured, and portions of the kidney, 
liver, lung, spleen, and testis were taken for histopathological examination at this time. Tissues 

were also taken from animals that died during the one-year dosage period. Biweekly weighings 
were made. 


6. Product of the Arcady Farms Milling Co. 
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Results—Mortality: The over-all mortality among all treated groups was 23%. 
The mortality of the control group was 24%, while 15% of the 0.13% DOP treated 
group and 30% of the 0.04% DOP treated group died. Fifty-nine per cent of these 
deaths were caused by lung infections and 12.5% by peritonitis ; 25% of the deaths 
were indeterminate because of autolysis, and 3% were unknown. 

Life Expectancy: The mean age at death, exclusive of guinea pigs that were 
killed, was 125 days for the controls and 184 days for the 0.13% DOP treated 
group; there was a statistically higher value of 239 days for the 0.04% DOP treated 
group. The minimum expectations of life at birth for the guinea pigs of this study 
were 344, 379, and 374 days for the controls and the 0.13 and 0.04% DOP treated 
groups respectively. These values exclude animals killed before 365 doses and 
include all those killed at 366 doses as having died, although they would have lived 
longer. It is obvious that the treated groups had an equal or better life expectancy 
than the controls. 

Body Weight: Statistical analyses of the biweekly weights of both male and 
female guinea pigs that survived 366 doses were carried out on actual grams of 
body weight rather than on percentage of original weight, as was done with the 
rats. Both males and females that received 0.04% DOP had significantly higher 
over-all mean weights than the controls, while those on 0.13% DOP were similar 
in weight to the controls. One of the 26 biweekly means of the males and one of the 
females in the 0.04% DOP treated group were significantly higher than the means 
of the controls, while the others were not statistically different. Mean maximum 
weights of the controls and treated groups did not differ statistically. 

Food Consumption: The mean food consumption calculated over the final 
10-month period in terms of grams per guinea pig per day was 31.65 gm. for the 
controls and 33.04 and 32.88 gm. for the 0.13 and 0.04% DOP treated groups. The 
latter values are both statistically higher than the value for controls. The intake in 
grams per kilogram per day during the last 10 months of the dosing was 0.064 
and 0.019 gm./kg./day for the 9.13 and 0.04% DOP treated groups, respectively. 


Trouble with the feeders prevented accurate food consumption data during the first 
two months. 


Liver and Kidney Weights: The liver and kidney weights of the male guinea 
pigs and the kidney weights of the females showed no deviation from the controls 
after 366 doses on DOP. For some obscure reason the females of both treated 
groups had liver weights, as percentages of body weight, significantly greater than 
the controls. This effect did not seem to be related to concentration, as the numeri- 
cal values illustrate; these values were 3.49 and 3.43% for the 0.13 and 0.04% 
DOP treated groups, respectively, while the control value was 3.07% of body 
weight. With a factor of 3 between the dosage levels, a much greater difference in 
absolute values between the 0.13 and 0.04% DOP treated groups would be antici- 
pated. Combining the data statistically for both sexes had no effect on the signifi- 
cance of the liver weight at the 0.13% level, but it removed significance at the 
0.04% level. 

Micropathology: A total of 543 tissue sections were prepared with hematoxy- 
lin and eosin stain and interpreted by a pathologist. Only one of the guinea pigs 
that died had congestion and cloudy swelling of the kidney loop and convoluted 
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tubules without associated lung infection. This unexplained death in the 0.13% 
DOP treated group is of little import, because more guinea pigs survived at this 
dosage level than in either of the other groups. Among the control pigs killed after 
306 days of dosing there were two cases of cloudy swelling of the kidney tubules ; 
eight guinea pigs had cloudy swelling of the liver, and four had congested or con- 
solidated lungs. Each of the treated groups had a slightly lower incidence of these 
findings, and they are therefore discounted as having no association with the DOP 
intake. 


Neoplasms: One control animal had a lung tumor which was discovered at 
autopsy and verified by histological examination. 


Summary.—Despite the significant increase in liver weights of the 0.13% DOP 
treated females, this level is judged to be without deleterious effect for guinea pigs. 
If anything, the criteria indicate a stimulatory effect by 0.04% of DOP, because 
the group receiving this concentration excelled the controls in food consumption, 
weight gain, and life expectancy. 


ONE-YEAR ORAL DOSES TO DOGS 


Procedure-—Four pure-blooded cocker, spaniels and four wire-haired terriers, 14 to 17 
months of age, were randomly separated by breed and sex into two groups. These dogs had 
been permanently immunized against distemper and were free of worms and infections. The 
dogs in one group served as controls; those in the other group received DOP in a gelatin 
capsule, the dosages being 0.03 ml. per kilogram per day for five days a week for the first 
19 doses and then 0.06 ml. per kilogram per day for 240 doses. The treated dogs were weighed 
each Monday, and the doses for the week were adjusted according to their weight at that 
time. The capsules were placed well back in the dog’s throat, and the mouth was held in a 
closed position until the capsule was swallowed. Friskies,7 a dog meal, was fed immediately 
thereafter, with supplements of cooked liver or liver broth twice a week. A mongrel dog 
served as a pilot animal in that it was started a month in advance of the others on 0.06 ml. of 
DOP per kilogram per day. As this dog showed no ill effects after 77 doses, the dosage was 
increased to 0.09 ml. per kilogram per day and was continued until 169 more doses had been 
achieved. The controls received a gelatin capsule containing Friskies meal to make it heavy 
enough to be swallowed readily. In addition to blood counts taken prior to dosing and after 
3, 6, 9, and 12 months of dosing, several biochemical tests were performed on the dogs. The 
sulfobromophthalein sodium retention test of liver function, utilizing 5 mg./kg. of the solution 
and a 15-minute reading time, was performed before the Ist and after 9 and 12 months of doses. 
At similar intervals plasma prothrombin time and plasma cholinesterase were determined. 


Results—Body Weight: All of the dogs that received DOP dosages of 0.06 
ml. per kilogram per day and three of the four controls gained weight in the one- 
year period. The mean weight gain of the DOP treated dogs was 0.78 kg., as com- 
pared with 0.31 kg. for the controls. The two groups were never statistically dif- 
ferent in weight during the study. The pilot dog also gained weight on a DOP 
dosage of 0.09 ml. per kilogram per day. 

Liver and Kidney Weight: The mean liver and kidney weights were 2.66 and 
0.47% of body weight, respectively, for the DOP treated dogs and 3.00 and 0.52% 
of body weight for the controls. These figures are statistically similar. 

Micropathology: Examination by the pathologist of the tissues of the pilot dog 
that received 0.09 ml. of DOP per kilogram per day revealed fatty vacuola- 


7. Product of the Albers Milling Co. (Division of the Carnation Co.), Los Angeles. 
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tion and some congestion in subcapsular areas of the liver, as well as moderate 
congestion of the kidney with cloudy swelling. Thyroid, heart, pancreas, spleen, 
adrenal, and testis were normal. The four dogs on 0.06 ml. of DOP per kilo- 
gram per day had no apparent gross or microscopic pathology of the lung, 
heart, liver, stomach, upper and lower intestine, cecum, spleen, adrenal, 
ovary or testis, bladder, or thyroid gland. Only in one dog was there slight kidney 
tubular degeneration, but the glomeruli were normal, and in the opinion of the 
pathologist this tubular effect was not necessarily associated with the DOP dosing. 
Furthermore, this dog registered the greatest weight gain of any in the study, con- 
trols not excepted. Based upon the above findings, a DOP dosage of 0.06 ml. per 
kilogram per day represents a “no-effect” level for dogs. 


CONCLUSIONS 


The response of these three species shows that rats can tolerate somewhat higher 
levels of DOP in their diets than can guinea pigs and dogs. The two-year “no- 
effect” level for rats has not been absolutely defined, but the data herein indicate 
that it lies between 0.06 and 0.20 gm. per kilogram per day. The one-year “no- 
effect” level for guinea pigs is quite close to 0.06 gm. per kilogram per day; for 
dogs it approximates 0.06 ml. per kilogram per day. The relatively uniform response 
of these three species makes it reasonable to presume that wide species differences 
will not be encountered with this plasticizer and that the tolerated level of human 
intake occurring during industrial handling or resulting from contact of food with 
packaging materials will not be widely different from that of the two rodent and the 
one nonrodent species studied. 
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TETRACHLORETHYLENE EXPOSURE IN A SMALL INDUSTRY 


H. ROBERT COLER, M.D., M.P.H. 
AND 


H. R. ROSSMILLER, M.D. 
CLEVELAND 


RICHLORETHYLENE and tetrachlorethylene are widely used as degreasing 

solvents in industry, and the effects of exposure to these substances are of 
public interest. Because of its alleged safety, tetrachlorethylene (or perchlor- 
ethylene) has become even more widely used as a substitute for carbon tetrachloride 
in the dry-cleaning industry. There are fewer reports in the literature of medical 
and toxicological observations of tetrachlorethylene than there are of trichlor- 
ethylene. 


In 1943, the lack of sufficient toxicological studies and medical research on 
degreasing substances was deplored by Morse and Goldberg. They quoted the 
work done on tetrachlorethylene by Carpenter * in 1937 and commented that this 
work “by no means clarified the toxicity of perchlorethylene.”” Carpenter’s experi- 
ments were done on 136 rats which were exposed to a concentration up to 7,000 
ppm daily for seven months (maximal allowable concentration, 100 ppm). Only 
slight pathologic changes developed in the liver, kidneys, and spleen of the rats as 
a result of this exposure. In a discussion of this study, Hamilton and Hardy,’ in 
their new edition of “Industrial Toxicology,” stated that Carpenter’s experiments 
established the “relatively harmless character of this solvent (tetrachlorethylene) on 
a firm basis.” But more recently, in 1949, Fairhall,* in his book on “Industrial 
Toxicology,” stated that tetrachlorethylene should not be regarded as harmless. 
It is also significant that in 1947 the maximal allowable concentration of tetra- 
chlorethylene was reduced from 200 to 100 ppm by the American Conference of 
Governmental Hygienists. 

This study is concerned with the exposure of a small work population to tetra- 
chlorethylene in a single small industry engaged in a degreasing operation. The 
pump manufacturing company which employed these workers has an assembly 
plant located in the northwestern part of Ohio. The assembly plant receives, by 
truck, subassemblies and parts from the company’s main plant and completes the 
assembly, painting, and packaging on its premises. The parts when received are 
covered with a protective oil, which is removed by a degreaser with the use of a 


1. Morse, K. M., and Goldberg, L.: 
tions, Indust. Med. 12:706, 1943. 


2. Carpenter, C. P.: The Chronic Toxicity of Tetrachlorethylene, J. Indust. Hyg. & 
Toxicol. 19:323, 1937. 


3. Hamilton, A., and Hardy, H.: Industrial Toxicology, Ed. 2, New York, Paul B. Hoeber, 
Inc., 1949. 


4. Fairhall, L. T.: Industrial Toxicology, Baltimore, Williams & Wilkins Company, 1949. 
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commercial solvent containing 99% tetrachlorethylene. After the degreasing 
operation, the parts are dipped in a xylene-thinned primer before they are dried, 
painted, assembled, and packaged for shipping. 

On March 16, 1950, the health commissioner, a physician of the community in 
which the assembly plant is located, examined a 35-year-old man in the employ of 
the plant who was having severe gastric hemorrhage. The patient was hospitalized 
and was given repeated transfusions of whole blood. An exploratory operation on 
the following morning revealed a definite cirrhosis of the liver and a ruptured 
esophageal varix as the cause of the hemorrhage. Two of the patient’s co-workers 
had been seen by the same local physician. They complained of the following 
symptoms while working on the degreaser in the assembly plant: malaise, dizziness, 
headache, irritation of the nose, and lightheadedness. 

The physician considered the possibility of a common etiology of the symptoms 
in the three workers at the same plant, and in his capacity as health commissioner 
of the community and county he asked the Division of Industrial Hygiene of the 
Ohio Department of Health for assistance and for an investigation of the plant. 

The plant was first visited by two engineers and one chemist of the Ohio 
Department of Health on Nov. 15, 1950, and the degreaser was put on a test run. 
Some steel disks were degreased after the degreaser had been heated to operating 
temperature. The total test time was approximately 15 to 20 minutes. Under 
normal routine, the degreasing operations take place twice weekly, each time expos- 
ing the workers for 8 hours within 24 hours or for an average of 16 hours during 
a five-day week. 

The tests for atmospheric contamination surrounding the degreaser were made 
at the operator’s breath level with the use of the direct reading Davis Halide Meter. 
The results obtained by the short-test run showed that the degreasing operation 
was causing a concentration of tetrachlorethylene in the atmosphere of the plant 
which was in excess of the maximal allowable concentration of 100 ppm. The 
average readings taken during the short-test period ranged from 232 to 385 ppm. 

A number of recommendations were made, with the view of reducing the vapor 
concentration emitted from the degreaser. These included the installation of a 
water-cooled coil, changes in the degreasing technique, provision of masks, and 
other changes in engineering techniques, the detailed description of which is not 
necessary in this paper. Some of these recommendations have been carried out, and 
they have reduced the concentration of tetrachlorethylene, as proved by a reevalu- 
ation of the atmospheric condition in the plant in October, 1951. 

Since the use of xylene to which workers had also been exposed in the assembly 
plant had been discontinued at the time the engineers entered the plant, no measure- 
ments could be taken on that substance. Measurements taken on similar compounds, 
however, indicated that the maximal allowable concentration for xylene was not 
exceeded. Samples of the xylene formerly used were still available and were found 
to be pure. 

ASPECTS OF TETRACHLORETHYLENE EXPOSURE 


To investigate the problems encountered with some of the plant employees, 
one of us who was affiliated at that time with the Division of Industrial Hygiene 
of the Ohio Department of Health visited the assembly plant. 

In the presence of the plant manager, each worker was interviewed, and a 
careful history was taken. Special attention was paid to the occupational history 
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in order to discover if there had been past exposure to similar industrial hazards. 
Hobbies or part-time activities involving the use of solvents or toxic substances, 
such as excessive painting or gardening (spraying), which might have endangered 
the person in the same way as a professional worker using such substances was 
endangered were considered. Questions concerning the medical history included 
the following: infectious hepatitis, alcoholism, and arsenical treatment for syphilis. 

Nothing significant was revealed by the medical and occupational histories. One 
worker had been employed in a rubber plant without having exposed himself to 
the chemicals or fumes of the manufacturing process. There was no case of actual 
alcoholism among the workers. Previous indulgence in alcoholic beverages was 
found among several of the employees, though, and this will be dealt with in the 
clinical evaluations to follow. There was, however, not a single worker who was 
found to be free of immediate symptoms caused by the fumes evaporating from the 
degreaser in the plant. 

Complaints of headache, nausea, lightheadedness, dizziness, tiredness, hang- 
over, and feeling of intoxication were listed repeatedly in the occupational histories. 
A few workers passed out after exposure but recovered quickly afterwards. One 
worker reported that his “eyes did not coordinate”; another said that he “could 


TABLE 1—Results of Urine Tests in Seven Patients 


Patients, Case No. Exposure, Yr. Urobilinogen Urobilin 
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not hit the spot.” Two men had laughing spells; another learned to anticipate 
fainting spells and to avoid them by going out into the fresh air. Staggering, 
stomach-aches, and slowed ability to think and remember were also among the many 
complaints. One worker said that he felt anesthetized with excessive exposure. 
Damp days seemed to aggravate the symptoms. 

The fact that one case of liver cirrhosis among the workers had alarmed health 
agencies concerning working conditions in the plant instigated further search for 
liver damage among the other workers. 

It is known that an early sign of damage to the liver parenchyma may be an 
increased urobilinogen excretion in the urine. Therefore urine samples were col- 
lected from the workers to test for urobilinogen. This was done simply and did not 
interrupt plant operations or cause undue anxiety on the part of the workers. 

Table 1 reveals the results of the urine tests done in the laboratory of the 
Division of Industrial Hygiene in Columbus. 

The urobilin determinations were done several days later, since it was not 
feasible to examine the urine samples when they were fresh. 

Wallace and Diamond * have shown that in the case of 96% of normal persons 
the test for urobilinogen in urine is positive in dilutions of 1 to 20 or less. The 


5. Wallace, C. B., and Diamond, J. S.: The Significance of Urobilinogen in the Urine as a 
Test for Liver Function, with a Description of a Simple Quantitative Method for Its Estimation. 
Arch. Int. Med. 35:698, 1925. 
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remaining 4% will show a positive urobilinogen test in dilutions greater than 1 
to 20. Table 1 shows positive reactions for urobilinogen in the urine of four out 
of seven of the assembly plant workers in dilutions greater than 1 to 20. These 
reactions suggested that liver damage might be present in these workers and was 
the stimulus which led to a more detailed study of their liver function. This simple 
test, therefore, would seem to be useful in large surveys of industrial health prob- 
lems of this type. A more recent improvement of this test is the two-hour urine 
urobilinogen sampling method described by Watson.® 

By comparing Tables 1 and 2, it will be noted that in Cases 2, 3, and 7 there 
were other positive liver function studies in addition to the hyperurobilinogenuria 
suggested by this test. Case 1 with a strongly positive test showed no abnormalities 
in the remainder of the liver survey. In Case 4 there was normal urobilinogen 
excretion in the urine, with abnormal findings in the liver survey of a reversed 
albumin-globulin ratio and considerable sulfobromophthalein sodium retention. 
Case 5 showed normal findings throughout. 


TABLE 2.—Results of Liver Function Tests in Seven Patients 


Two- 
Hour 
Sulfo- Serum Urine Blood 
Total Globu- bromo- Bili- Thymol Urobi- Sugar 
Proteins, Albumin, lin, phthalein rubin, Tur- Cephalin- linogen, Fasting, 
Patients, Gm. per Gm.per Gm.per Sodium, Mg. per bidity, Cholesterol Ehrlich Mg. per 
Case No. 100Ce. 100Ce. 100Ce. % 100 Ce. Unit Flocculation Unit 100 Ce. 
EE ee Pe 8.5 7.0 1.5 7 0.6 01 Negative 0.9 81 
Riahicanvcdtows 8.0 3.9 4.1 21 0.4 2.2 Negative 0.9 104 
8.1 3.8 4.3 7 11 2.5 +— 06 70 
Dithacadsriesss 9.2 44 4.8 26 12 2.5 3+ 0.97 80 
EE Fe 7.6 44 3.2 4 0.6 2.4 Negative 0.98 120 
OEE ee 7.8 4.6 3.2 6 04 2.9 Negative 1.6 98 
7.9 4.2 3.7 14 04 1.3 Negative 0.88 100 


The seven assembly plant employees were then studied at the Cleveland Clinic 
with particular reference to their liver function. Following are the detailed case 
reports of all patients studied. 


REPORTS OF CASES 


Case 1—A white man, 22 years of age, denied any subjective symptoms at the time of his 
examination. He had occasionally noticed that exposure to the degreasing compound caused him 
to become lightheaded, but this had always been relieved within 5 or 10 minutes by going out into 
the fresh air. 

The medical history was not contributory. The intake of alcohol by this worker consisted of 
2 to 4 oz. of whiskey per week. 

Physical examination revealed no abnormalities. 

The laboratory studies were reported as follows. The urine analysis revealed a specific 
gravity of 1.023, there was no albumin or sugar, and the microscopic analysis was negative. The 
blood count showed 14.5 gm. of hemoglobin and 5,800 leucocytes. The cell volume was 47 cc. 
per 100 cc. The fasting blood sugar was 81 mg. per 100 cc. The blood Wassermann and Kahn 
tests were negative. The serum proteins were 8.5 gm. per 100 cc., with an albumin fraction of 
7.0 gm. per 100 cc. and a globulin fraction of 1.5 per 100 cc. Indirect serum bilirubin test was 
0.6 mg. per 100 cc. The sulfobromophthalein sodium test showed 7% retention of the dye 


6. Watson, C. J.; Schwartz, S.; Sborov, V., and Bertie, E.: Studies of Urobilinogen: 
Simple Method for Quantitative Recording of Ehrlich Reaction as Carried Out with Urine and 
Feces, Am. J. Clin. Path. 14:606, 1944. 
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at the end of 30 minutes with the use of 5 mg. of dye per kilogram. The cephalin-cholesterol 
flocculation test was negative. The thymol turbidity was 0.1 unit. The two-hour urine urobilinogen 
excretion was 0.9 Ehrlich unit. 


Case 2.—A white man, 72 years of age, had experienced mild attacks of mental confusion 
and tinnitus lasting two to three minutes for two or three months prior to examination. There 
was some nausea associated with these attacks. The tinnitus had been experienced for two or 
three years. 

The medical history was not contributory. The worker did not use alcohol. 

Physical examination revealed the following: blood pressure, 132 systolic and 80 diastolic ; 
moderate obesity, and a left inguinal hernia. Otherwise, general physical examination revealed 
nothing of significance. 

The laboratory studies were reported as follows: The blood count showed 13.5 gm. of hemo- 
globin and 7,600 leucocytes. The cell volume was 45 cc. per 100 cc. The serum proteins were 
8.0 gm. per 100 cc., the albumin fraction being 3.9 gm. per 100 cc. and the globulin fraction 
4.1 gm. per 100 cc. The serum bilirubin was 0.4 mg. per 100 cc., indirect. The sulfobromo- 
phthalein sodium test showed 21% retention of the dye at the end of 30 minutes with the use of 
5 mg. of dye per kilogram. The cephalin-cholesterol flocculation test was negative. The thymol 
turbidity was 2.2 units. The two-hour urine urobilinogen excretion was 0.9 Ehrlich unit. The 
blood Wassermann and Kahn tests were negative. The fasting blood sugar was 104 mg. per 
100 ce. 

Case 3.—A white man, 63 years of age, had no objective complaints. 

The medical history was not contributory. The worker did not use alcohol. 

Physical examination revealed extreme xanthelasma. Otherwise, there was nothing of sig- 
nificance on the general examination. 

The laboratory studies were reported as follows: The blood count showed 13.0 gm. of hemo- 
globin and 7,500 leucocytes. The cell volume was 45 cc. per 100 cc. The urine analysis revealed 
a specific gravity of 1.016, no albumin or sugar, and a negative microscopic analysis. The fasting 
blood sugar was 70 mg. per 100 cc. The blood cholesterol was 190 mg. per 100 cc. The two-hour 
urine urobilinogen excretion contained 0.6 Ehrlich unit. The serum bilirubin was 1.1 mg. per 
100 cc., indirect. The sulfobromophthalein sodium test revealed 7% retention of the dye at the 
end of 30 minutes with the use of 5 mg. of dye per kilogram. The cephalin-cholesterol flocculation 
test gave a plus-minus reaction. The thymol turbidity was 2.5 units. The blood Wassermann 
and Kahn tests were negative. The prothrombin time showed 100% concentration. The serum 
proteins revealed a total protein of 8.1 gm. per 100 cc.; the albumin fraction was 3.8 gm. per 
100 cc. and the globulin fraction was 4.3 gm. per 100 cc. 

Cast 4—A white man, 37 years of age, stated that in 1947 when working with tetra- 
chlorethylene he noted nausea and headache from the fumes. In March, 1950, he had a massive 
hematemesis, and at that time a diagnosis of cirrhosis of the liver, with esophageal varices, was 
made. Consequently, there was an attempt to do a vascular shunt operation, but it was not 
technically possible; for that reason a splenectomy was dene. There has been no recurrence 


of the hematemesis, and the worker is free of symptoms. The remainder of his medical history 
is not contributory. He did not use alcohol. 


Physical examination revealed the liver to descend 4 cm. below the right costal margin in 
the midclavicular line on deep inspiration. Otherwise, there were no significant findings. 

The laboratory studies were reported as follows. The blood count showed 13.2 gm. of hemo- 
globin and 6,200 leucocytes. The cell volume was 44 cc. per 100 cc. The urine analysis revealed 
a specific gravity of 1.012, no albumin or sugar, and a negative microscopic analysis. The fasting 
blood sugar was 80 mg. per 100 cc. The two-hour urobilinogen study showed 0.97 Ehrlich unit. 
The serum proteins totalled 9.2 gm. per 100 cc., with an albumin fraction of 4.4 gm. per 100 cc. 
and a globulin fraction of 4.8 gm. per 100 cc. The serum bilirubin was 1.2 mg. per 100 cc., 
indirect. The sulfobromophthalein sodium test showed 26% retention of the dye at the end of 
30 minutes, with the use of 5 mg. of dye per kilogram. The cephalin-cholesterol flocculation 
test showed a 3+ reacticn. The thymol turbidity was 2.5 units. The blood Wassermann and 
Kahn tests were negative. The prothrombin time showed 100% concentration. 

Case 5.—A white man, 57 years of age, had no complaints. The medical history was not 
contributory. He did not drink alcohol to excess. 
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Physical examination revealed no abnormality. 


The laboratory studies were reported as follows: The blood count showed 15.0 gm. of 
hemoglobin and 6,100 leucocytes. The cell volume was 51 cc. per 100 cc. The urine analysis was 
reported as showing a pH of 7.5, a specific gravity of 1.011, no albumin or sugar, 15 to 20 red 
blood cells, and an occasional pus cell on microscopic analysis. The fasting blood sugar was 
120 mg. per 100 cc. The blood Wassermann and Kahn tests were negative. The serum bilirubin 
was 0.6 mg. per 100 cc. The sulfobromophthalein sodium test showed 4% retention of the dye 
at the end of 30 minutes, with the use of 5 mg. of dye per kilogram. The cephalin-cholesterol 
flocculation test was negative. The thymol turbidity was 2.4 units. The two-hour urobilinogen 
excretion in the urine was 0.98 Ehrlich unit. The serum proteins were 7.6 gm. per 100 cc., with 
an albumin fraction of 4.4 gm. per 100 cc. and a globulin fraction of 3.2 gm. per 100 ce. 

Case 6.—A white man, 28 years of age, denied any subjective complaints. He did not use 
alcohol to excess. 

The general physical examination gave normal results. 

The laboratory studies were reported as follows: The blood count showed 14.5 gm. of hemo- 
globin and 4,300 leucocytes. The cell volume was 45 cc. per 100 cc. The urine analysis was 
reported as showing a pH of 7.5, a specific gravity of 1.008, no albumin or sugar, and a negative 
microscopic analysis. The fasting blood sugar was 98 mg. per 100.cc. The blood Wassermann and 
Kahn tests were negative. The serum bilirubin was 0.4 mg. per 100 cc., indirect. The sulfobro- 
mophthalein sodium test showed 6% retention of the dye at the end of 30 minutes with the use 
of 5 mg. of dye per kilogram. The cephalin-cholesterol flocculation test was negative. The 
thymol turbidity was 2.9 units. The two-hour urobilinogen excretion in the urine was 1.6 Ehrlich 
units. The serum proteins were 7.8 gm. per 100 cc., with an albumin fraction of 4.6 gm. per 
100 cc. and a globulin fraction of 3.2 gm. per 100 cc. 

Cast 7.—A white man, 50 years of age, complained of constipation of many years’ duration. 
He also had had intermittent headaches behind the right eye for many years, which were relieved 
by the use of aspirin. 

The medical history was not contributory. The worker had used alcohol heavily over a period 
of 14 years until 1937, since which time he had totally abstained. 

The general physical examination revealed nothing significant. 

The laboratory studies were reported as follows: The blood count showed 15.0 gm. of hemo- 
globin and 6,950 leucocytes. The cell volume was 51 cc. per 100 cc. The urine had a specific 
gravity of 1.013, a pH of 6.5, no albumin or sugar, and one or two pus cells on microscopic 
analysis. The blood Wassermann and Kahn tests were negative. The fasting blood sugar was 
100 mg. per 100 cc. The serum bilirubin was 0.4 mg. per 100 cc., indirect. The sulfobromo- 
phthalein sodium test showed 14% retention of the dye at the end of 30 minutes with the use of 
5 mg. of dye per kilogram. The cephalin-cholesterol flocculation test was negative. The thymol 
turbidity was 1.3 units. The two-hour urobilinogen excretion in the urine was 0.88 Ehrlich unit. 
The serum proteins were 7.9 gm. per 100 cc., with an albumin fraction of 4.2 gm. per 100 cc. 
and a globulin fraction of 3.7 gm. per 100 cc. 


The results of the liver function tests in these cases are summarized in Table 2. 

It will be noted that in the instances of Patients 2, 4, and 7 there was significant 
retention of the sulfobromophthalein sodium dye at the end of 30 minutes with the 
use of 5 mg. of dye per kilogram. In two instances, Patients 2 and 4, there were 
associated changes in the fractional serum proteins. The fourth patient (Case 4) 
had a proved pathologic diagnosis of cirrhosis of the liver, and it seemed significant 
that he was the only one to show a 3 + reaction to the cephalin-cholesterol floccula- 
tion test. The remainder of the tests gave normal results. One patient (Case 3) 
showed significant changes in his fractional proteins without any other positive 
findings in the liver profile. These findings suggest that there may be some damage 
in the liver; however, as previously mentioned, in only one case was there a 
pathologic diagnosis of cirrhosis of the liver. 
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The question of the toxicity of tetrachlorethylene to the liver should be more 
thoroughly investigated, rather than disregarded on the basis that tetrachlorethylene 
is a perfectly harmless solvent. The fact that three workers out of a small working 
population of nine (or three workers out of seven who were exposed to tetrachlor- 
ethylene for more than one year) showed definite or suggestive signs of liver damage 


cannot be overlooked in this connection. A survey of dry-cleaning establishments 
in which employees are exposed to tetrachlorethylene might be of substantial aid. 
Local health officers might consider such an investigation worthwhile in view of 
the preceding facts. 


SUM MARY 


It is evident that exposure to high concentrations of tetrachlorethylene will 
produce a central effect, with dizziness, headache, and lightheadedness, and it may 
also produce irritating effects in the respiratory tract. These effects seem to be 
promptly relieved by exposure to fresh air. The chronic and repeated exposure of 
personnel to tetrachlorethylene in concentrations above maximal allowable con- 
centration may possibly produce an adverse effect on the liver. Three patients 
studied showed alterations in the sulfobromophthalein sodium test; two of these 
also showed alteration in the serum protein pattern, and one showed a 3 + reaction 
to the cephalin-cholesterol flocculation test. The latter patient was known to have 
cirrhosis of the liver. One other patient showed alterations in the serum protein 
pattern without other changes in the livef studies. 

In our study the application of the Ehrlich test for the presence of urobilinogen 
in the urine has given a valuable lead for the detection of possible liver damage. 
It is recommended as a useful tool for further field investigations. 
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DUST COUNTING BY THE MOST PROBABLE NUMBER METHOD 


HARLOW M. CHAPMAN, B.S., Ch.E. 
BETHLEHEM, PA. 


UST COUNTING and the evaluation of bacterial population have a common 

objective: the measurement of numbers of particles in liquid suspension per 
unit volume. The most probable number method of estimating bacterial population as 
practiced for some years requires that culture tubes be inoculated with various 
dilutions of the test suspension and that the number of tubes showing no growth be 
observed. With a knowledge of the factors of each test, the concentration of bacteria 
in the unknown suspension can be estimated. This method was discussed at length 
by McCrady * in 1915, and since that time many writers? have contributed to its 
development. In 1933, Halvorson and Ziegler * further clarified and developed the 
method which was again reviewed by Cochran * in 1950. 


In an effort to avoid some of the fatigue and annoyance of dust counting, I have 
attempted to apply the method to the standard dust-counting procedure * familiar 
to all in industrial hygiene. Each square in the Whipple Disk (Fig. 1) can be 
considered a sample tube, and each square containing no dust is equivalent to a 
tube showing no growth. The application is justified, since it does not alter the 


Mr. Chapman is Industrial Hygiene Engineer with the Bethlehem Steel Company, Inc. 

Presented at the Fourteenth Annual Meeting of the American Industrial Hygiene Associa- 
tion, Los Angeles, April 23, 1953. 
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standard light-field method for dust counting, except that the dust is not counted 
but is estimated statistically. Since the dust count is only another form of statis- 
tical estimate of the true concentration, the difference in approach is not as radical 
as might appear. The advantages gained are an appreciable saving in counting time 
and eye fatigue, with no significant loss in accuracy. The method can be used 
equally well with the microscope or the microprojector. 


Fig. 1—Whipple Disk method of dust counting in which each square represents a sample. 


DERIVATION OF METHOD 


The most probable number method as applied to dust counting is derived in the 
following manner. 


Consider a single particle suspended in a liquid of volume L. If a sample of 


volume @ is removed from the liquid, the probability is ~~ that the particle is con- 


tained in the sample and 1 — - that the particle is not contained in the sample. 


If there are d dust particles in the original volume L, the same reasoning applies to 
each particle, and by the rule of multiplication of probability 


which can be written 
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This function is easier to handle when reduced to another form. If x is the con- 
centration, then 
nm P=xL In +) 


If a is very small, the terms beyond the first are so small they may be dropped. 
In P=—-xa 

(1) Po-exa 

The clever reasoning which produced (1) closely parallels the work of Student ° 
who in 1907 studied the distribution of particles in a cell. The first term of the 
Poisson Series which he presented is identical to (1). 

If a cell is prepared from a dust suspension and examined under the microscope 
or the microprojector in the standard manner, an estimate of P may be obtained 
by considering each small square as a sample a and noting the number of voids 
or squares containing no dust. If five fields are inspected by the microprojector, the 


number of voids /” per 100 squares will have been determined and an estimate + 
of P obtained, where NV = 100. 


(2) 
(3) and log x 
where 


x =the most probable number estimate of the true concentration 
a = unit sample volume 

N = total number of squares 

|” = number of voids. 


Since equation (2) is a continuous function with a value of 4 for any value of 


x, a concentration can be calculated for any experimental values found, and it is not 


clear why the name “most probable number” was applied. The reason is evident 
when it is recalled that P 
sample and O = 1 


=e “* is the probability of obtaining no particles in one 

e** is the probability that particles will be found. When 

N = 100, the distribution of voids throughout the sample will follow the binomial 

which when expanded by the binomial theorem will show the probability of obtain- 

ing any number of voids from 0 to 100 in one concentration! All values are possible, 


though some are more likely than others. But which value of £ will be shown in 
(2) for a value of +? 


The value of each term of a binomial (p + q)" when expanded is obtained by 
the equation 


per" 


where 
P = probability for each value 
V’ = number of voids 


n = total number of squares examined 
x = concentration 


6. “Student”: On the Error of Counting with a Haemocytometer, Biometrika 5:351- 
360, 1907-1908. 
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If W = number of squares having dust, then n =W + V 


Since C" can be written 
Vi(n—V)! Vi Wt”? 
the general term for the binomial series expresses P for all values of I” and W’. 
V+W)! 
P= 
If HW’, Il’, and a are kept constant, 
dP 


1 
(p)=Wat, 


— 


ew 


)—al’ 
x 


When P is at a maximum, 4° = O and + = ¥ at that point. 
Halvorson and Ziegler show that for this value x is identical to (3) 


2.303 | 
= og P 


CONCENTRATION 


VOID PROBABILITY CURVES 
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Fig. 2.—Relation of particle concentration and voids produced. 


and therefore x in (3) is the most probable number of particles producing |” voids 
in N squares. 

Accuracy.—There is no assurance in using the most probable number method 
that the number of voids found will describe the exact concentration. If there is a 
most probable number of particles for a particular number of voids, we can also say 
that there is a most likely number of voids produced by a concentration +, Figure 2 
also shows that while a particular value of é is most likely, in a widespread dis- 
tribution other values on either side are nearly as likely and may have resulted. This 
inaccuracy applies equally well to the standard count, and experimental results are 
compared in another section of this paper. It is obvious that a better estimate is 
obtained when the number of squares is large, but the concentration and the standard 
deviation of the distribution both affect the accuracy of estimate as well. 


The greatest accuracy is obtained when using a concentration of 600 particles per 
cubic millimeter for the microprojector and 150 for the microscope, and it is desir- 
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able in diluting the sample to approximate roughly the optimum concentration in 
somewhat the same manner as required by the standard method. The greatest 
accuracy is obtained at the point on the distribution curve where the coefficient of 
variation, expressed as equivalent concentration, is at a minimum. Figure 2 shows 


that the spread of the distribution of voids becomes less in lower ‘ values, while 
the equivalent concentration becomes greater. Consequently, the increase in con- 
centration represented by one standard deviation is considerable even though the 
standard deviation is smaller. The optimum concentration for most accurate results 
is shown by the curves in Figure 3, which plot coefficient of variation against concen- 
tration. The curve for the microprojector is fairly broad, and good accuracy can be 
obtained over a range of concentrations extending on both sides of the minimum. 
The curve for the microscope is much sharper. 
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Fig. 3.—Relation of particle concentration to coefficient of variation. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Procedure.—This laboratory has been using both the standard method of counting and the 
most probable number method for determining the number of particles in 431 dust cells during 
the past year. Determinations were performed by a number of members with the use of both 
the microscope and the microprojector, but after some 200 cells, all further work was performed 
routinely by the microprojector, since both were satisfactory. 

In the beginning, voids were determined per 500, 250, 125, and 36 squares. Eventually, 125 
squares for the microscope and 100 squares for the microprojector were chosen as the basis 
for all further work, since accuracy was little improved in using the higher numbers, and it 
seemed an advantage to adhere to familiar practice. The lowest number was unprofitable. 

The general procedure was to make the dilution sufficient to give an estimated 15 to 25 
voids per 100 squares, which is equivalent to 555 to 760 particles per cubic millimeter. Dilution 
could be judged easily after a little experience. After the settling time of 20 minutes, the voids “il 
were noted, and the count was determined in each of five fields selected at random. The usual 
counting time was thus extended by the time required in noting voids, but since this amounted 
to only 100 seconds per cell in most cases, it was not considered to have a significant effect 
on settling. With the use of the most probable number method, it was found that the actual 
scanning process was confined to those squares which appeared void at first glance, as the eye 
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avoided, after experience, all squares which contained obvious particles. After the second cell 
for the same sample was processed, the two counts were averaged, the most probable number 
for each cell was determined by (3), and the average most probable number was computed. 
The curves in Figure 4 are most useful for obtaining the most probable number equivalent to 
the number of voids determined. 
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Fig. 4.—Relation of voids to most probable number. 
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Fig. 5—Comparison of most probable number and count obtained from same fields for each 
cell in particles per cubic millimeter. 


Estimation of a Single Count.—In Figure 5 the most probable number is plotted 
against the count for each of 172 cells. The correlation is quite good, the correla- 
tion coefficient being 0.92. It can be seen that there are more points below the line 
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of perfect correlation than above, indicating that the most probable number will run 
a little lower than the count, generally. This could be caused by failure to see a 
single particle in an otherwise void square, thus causing the voids to appear more 
frequent than they are. It is our belief that this is an experimental error which has 
arisen through unequal lighting across our microprojector screen and which can 
be rectified. However, the difference is not great, and in our experimental work 


COUNT 


Fig. 6.—Comparison of most probable number and count obtained from same fields for each 
cell in particles per cubic millimeter. 


the most probable number mean was 89.8% of the count mean for the 172 cells 
studied. 

The same data have been plotted on semilog paper in Figure 6 to show that on 
a percentage basis the spread about the line of perfect correlation is about the same 
for any concentration, 

Comparison of the Reliability of Most Probable Number and Count.—The 
previous section, in discussing the accuracy of estimate of the count by the most 
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probable number, implies that the count is an absolute value which describes the 
concentration exactly. This is not the case, and the variation often found in 
repeated counts of the same cell is familiar to all in industrial hygiene. The count 
is actually another form of estimate of the concentration, with inherent errors in 
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Fig. 7—Comparison of count and most probable number expressed as per cent of mean, the 
mean for each dust suspension being determined from two cells. 


random distribution within the parent suspension, distribution within the cell, and 
human error in counting. The reliability of the most probable number in dust 
counting is more understandable therefore if compared with the reliability of the 
count. In conformity with standard procedure, two cells were prepared from each 
dust suspension, and the count and the most probable number were determined for 
each cell. The mean count and most probable number were computed for each sus- 
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pension, and both count and most probable number were expressed as per cent of 
their mean. The count data from 80 dust suspensions are presented in Figure 7, 
together with the most probable number data obtained from the same cells. The 
standard deviation for the count is 6.3%, and the standard deviation for the most 
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Fig. 8.—Standard suspension comparative count and most probable number for each cell. 


probable number is 7.9%. Although the values are not identical, they show a 
markedly similar dependability in prediction. 

Although the reliability of estimate of the most probable number and the count 
have been compared over a wide range of concentrations on the basis of standard 
deviation, the mean for each concentration was determined from only two cells. It 
seemed desirable to compare the most probable number and the count for a concen- 
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tration which was established with greater certainty. As further inquiry, a standard 
suspension of ground limestone in isopropyl alcohol was prepared for continued 
study. A few cells at a time were examined over a period of several months and the 
count and the most probable number were determined for each cell. Figure 8 com- 
pares the results of both determinations for 48 cells, and a summary is found in the 
Table. There is no way at this time to explain why the average most probable 
number is higher than the average count when the reverse was true in the major 
study. A likely explanation may be found in particle size, since the standard sus- 
pension was a prepared dust relatively coarse in comparison with the air-borne 
dusts of the major study. 


Count Time and Most Probable Number Time.—One of the points in favor of 
the most probable number method is the saving in time spent at the microscope. 
The time involved in counting particles and noting voids in the same field was 
recorded by two observers and plotted separately in Figures 9 and 10. The dust- 
counting qualities of the two observers make an interesting comparison, but both 
showed an appreciable saving in time when using the most probable number method. 
The average ratio of count time to most probable number time was 1.89 for one 


Results of Study of Standard Suspension Count and Most Probable Number for 
Forty-Eight Cells 


Mean Standard Deviation 


The difference of the means is significant at the 2% level. 


observer and 3.07 for the other. In reviewing the data in both figures and consid- 
ering the appearance of the scatter diagrams, it must be emphasized that both 
observers are experienced in dust counting and are able to check the other’s count 
to a satisfactory degree. The wide spread in counting time in Figure 9 is undoubt- 
edly caused by variation in particle size of the suspensions studied. The most prob- 
able number time for the same fields is almost independent of particle size. In 
Figure 10, a difference in particle size seems to have little effect, and the plot has a 
somewhat linear appearance. In both figures it can be seen that a concentration in 
the neighborhood of 300 particles per cubic millimeter would require as much time 
to note the voids present as to count the particles. Consequently, concentrations 
should be maintained in the higher ranges if the most probable number method is to 
be used. Short-time samples collected by impinger in low-dust exposures may result 
in dust suspensions so dilute that counting is the only practicable measure. 


There is need for a word of caution in noting voids. Although an experienced 
dust counter will proceed at a steady pace in counting particles, he may become 
preoccupied with voids and “study” each to be certain. In so doing, all time saved 
is lost. It is better to cultivate a consistent path for the eye to follow in each square 
to be reviewed so that no more time is spent on a void square than would have 
been if it had contained dust, and all other squares with obvious particles are ignored. 
After a pattern is established, the most probable number procedure will improve 
the speed with which the concentration is obtained, and it is believed that eye fatigue 
will correspondingly decrease. 
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Fig. 9—Time required in counting particles per cell by count and most probable number 
method (Observer H. C.). 
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SUMMARY 


The most probable number method is briefly reviewed, and the mathematical 
derivation as applied to dust counting given. 

Procedures for applying to the standard method of dust counting are explained. 

Experimental data from 172 cells are given to show that the average most prob- 
able number is 90% of the average count, and the correlation coefficient is 0.92. 
The reliability is about equal, as the coefficient of variation is 7.9% for most prob- 
able number and 6.3% for count. 

Further data are presented to show that the time required by the most probable 
number method will average only one-half to one-third the time required by the 
standard count. 


It is believed that the most probable number method will considerably decrease 
the fatigue and annoyance of dust counting. 


This study was made possible through the effort in the dust counting of R. C. Ruhf and 
M. Ornosky. 
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MOTIVATING EMPLOYEES FOR INDUSTRIAL HEALTH 


HERBERT K. ABRAMS, M.D. 
CHICAGO 


ORMAL people do not commit suicide. Yet, looking at the titles of some of 

the talks at this meeting or at any other similar meeting, one is impressed 
by the exhortations apparently necessary to keep average normal people from killing 
themselves: “Selling Safety to the Worker” ; “Motivating Employees for Industrial 
Health.” In a more civilized day in the future, our children or our children’s children 
will look at these as manifestations of primitive man of the 20th century. 


Why is it necessary to teach people what should be obvious—to protect their 
own lives? How often have we in industrial health and safety work been exasperated 
by the sight of a worker not using his respirator or other protective device? 

Examination of the problem, however, reveals that too often our approach is a 
superficial one. To us, as white collar “experts,” the answers seem simple. We are 
prone to conclude quickly that the worker is unintelligent, and the destructive germ 
of cynicism begins to replace a healthy constructive approach. 

I have had a number of opportunities to penetrate behind the curtain of safety 
posters and speeches and to learn why working people sometimes do not do what 
is best for their health. 

For example, in a large mining industry there has been for years a serious 
pneumoconiosis hazard. One of the worst dust hazards existed in the operation 
in which sacks of fine siliceous material are loaded onto boxcars. The men were 
supplied with respirators. But you know the familiar story. They would not wear 
them. Nobody bothered to get the viewpoint of the workers until one day the 
union went out on strike. One of their demands was an end to incentive pay on 
the car-loading operation. The men contended that this method of pay was a princi- 
pal reason for dust exposure here. Respirators at best are hot, uncomfortable, and 
a problem to maintain ; they slow production. The working man in an effort to load 
extra sacks and to bring home additional income discarded this protection. 


The vicious circle was further aggravated by the company policy of minimizing 
information about the dust hazard. As you can imagine, there was no _ labor- 
management safety committee at the plant. Thus, a worker intent on earning more 


Dr. Abrams is Medical Director of the Union Health Service, Inc. 
Presented at Greater Chicago Safety Conference and Exposition, June 3, 1953. 
246 


| 

| 
| 
| 

4 

7 

4 


ABRAMS-—MOTIVATING EMPLOYEES FOR INDUSTRIAL HEALTH 247 


money and not acquainted with the ultimate hazard to health of the painless inhala- 
tion of fine dust particles was not good material for safety indoctrination. 

Unfortunately, the problem had to be solved by a long and costly strike. But 
today there is a new attitude on the part of management ; the workers are informed, 
an active union-management health committee has been organized, and now there is 
genuine motivation for health. 

Similarly, incentive pay or “piecework” type of pay actually sabotage safety and 
health programs in other industries. In many underground mining operations, it is 
difficult to enforce the regulations against blasting during work shifts, because the 
men are anxious to earn more money. When you have this situation reinforced by 
inadequate or even no education of the workers in regard to the hazards of dust, 
paper regulations are bound to fail. 

Another area of concern is the problem of physical examinations in industry. 
There are still some important unions which are opposed to them. Obviously these 
people are not against good medical care. On the contrary, unions everywhere are 
demanding good medical care plans. But they have been motivated by bitter experi- 
ence in the past with employers using physical examinations in a discriminatory 
way. After all, we must realize that a man’s job is his only security and that the 
moment he loses it he is broke and he and his family are apt to become public 
charges. One of the large state civil service organizations, with which I was closely 
associated until recently, rejected applicants because of items like a positive serology 
test for syphilis. To be sure, this is completely at variance with modern public health 
policy, but it happens in 1953. 

Another large industry with which | have had close contact has a serious poten- 
tial lead hazard. For years the company had periodic blood smear examinations 
done. Then for very good reasons, they changed over to quantitative determinations 
of lead in the urine. But did management explain to their employees the reason 
for the change in policy? No, they neglected this elementary step. The workers, 
already complaining that the company did not inform the men of the results of their 
examinations, were further made suspicious by the sudden unexplained discontinu- 
ance of the familiar blood smear test. Many of the men were sure that they were 
inhaling lead even when they were not. Suspicion on one count begot suspicions on 
other issues. Here again there was no mechanism for the employees’ participation 
in the protection of their own health, such as the health and safety committee. 

After much wrangling and a strike in which health protection was a major issue, 
the problem was solved. Today this plant has an active union-management health 
committee, and the company has a full-time industrial hygiene engineer at the plant 
who meets with this committee. The workers now feel secure that something is being 
done to protect their health, and, most important, they are permitted to help in 
doing it. 

In contrast to these is the example of the large eastern oil refinery which is 
doing a pioneering job in investigating and controlling an occupational cancer 
hazard. Here the management, on the basis of findings in animals of carcinogenic 
properties of certain high-boiling petroleum products, has instituted a thorough 


248 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


program in its plants. One of the salient features of this program is the education 
of employees in the potential danger and the enlisting of their intelligent cooperation 
in combating it. 


These examples illustrate some of the important points in motivating employees 
for health. First of all, there is the necessity of informing workers of the facts. 
Experience in wars demonstrate that soldiers fight best when they know what they 
are fighting for. Menninger! writes of his experiences with the armed forces in 
World War II: 


We learned that maintenance of mental health was largely a function of leadership which 
included the extremely important element of motivating the man to want to do his job... 
We were impressed by the fact that an individual who had a strong conviction about his job 


. might make a remarkable achievement against the greatest of stress . . . We watched 
the effect on the men of major personnel policies in regard to rotation, rest, recreation and 
incentives. 


Firstly, then, have workers who know what they are doing and who have been 
apprised of the potential hazards of the job and how to protect themselves and their 
fellow employees against these hazards. To accomplish this requires adequate 
training of the person for his job. 


Secondly, provide the worker with the means to carry out this training. This 
includes all of the elementary factors, ranging from good lighting and sanitation to 
exhaust ventilation. Personal protective equipment should be used on occasions 
indicated. This equipment must be kept in good working order. Wherever possible, 
it is well to substitute permanent fixed installations, such as ventilating systems, for 


the personal protective device, such as the respirator, which is at best not very 
efficient and presents a constant problem of maintenance and supervision. 


Thirdly, have personnel and employment policies that are in accord with the 
principles of good health and that will facilitate rather than hinder the carrying 
out of health precautions. These include the avoidance of fatigue and of any type 
of speed-up policy. Supervisory personnel should be intelligently aware of poten- 
tial health and accident hazards, and they should be encouraged to refer problems 
to the health and safety authorities in the plant. 


Fourthly, give workers a feeling of security that there is an adequate first-aid 
and health facility available should the need arise. Nothing succeeds like the feeling 
that the organization you are with is backing you up. 
The dispensary should be a place where workers believe that they will get fair 
and objective treatment from the dispensary personnel. Only last week, the medical 
director of one of Chicago's largest plants told me that when he took over his job 
a few years ago the plant physician was suspect by the work force. An ill working- 
man could expect this physician to berate him for malingering. The common } 
reception of a complaint was the remark, “You're not sick; get back to work.” 
Today conditions at this plant are different. A man has dignity, and the 
medical personnel treat him so. The workers now like the company physician, and 
the physician has made himself a valuable asset to the company. 


1. Menninger, W. C.: Psychiatric Experience in the War 1941-1946, Am. J. Psychiat. 
103 :577-586 (March) 1947. 
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Finally, and perhaps most important, give working people an opportunity to 
participate in the health program. No amount of exhortation and pontification from 
above about safety will do the job as well as just permitting the working man to 
help himself and his fellows. This means, specifically, the establishment of joint 
labor-management health and safety committees. \Where there is a union, the labor 
representation should come through the union. 


The committees should have a job to do. They should have regular meetings, 
do regular inspections of the work areas, and meet with the plant physician, the 
safety man, and other managerial personnel. They should seek out suggestions from 
the workers themselves on how to prevent health and safety dangers. 


By giving the labor force this opportunity at self-expression, at participation, 
and at job identification and job satisfaction, health matters will cease to be issues 
for grievance, and health programs will be guaranteed success. 


bs 

- 

| 


PHYSICAL BASIS OF HEARING DAMAGE AND A TENTATIVE DAMAGE 
RISK CRITERION FOR STEADY-STATE NOISE 


HOWARD C. HARDY, Ph.D. 
CHICAGO 


I. 


INTRODUCTION 


ERY RECENTLY there has been intense interest in establishing standards 
for hazard limits of industrial noise. The chief criterion sought is one which 
establishes the maximum noise environment which can exist before serious hearing 


damage will occur to a worker who might be in the same working conditions for 
many years. There are, of course, many unknown variables which will always 
delineate an upper and a lower boundary of uncertainty, as there are with all 
standards related to human hazards. 


The bounds of employee safety have been exceeded by many environments, 
however, and compensation boards find it necessary to arrive at some standards 
immediately. The urgency of the situation makes it necessary to collect the results 
of the best scientific thinking on this subject and to present them at this time. By 
this means arbitrary and unscientific limits may be partially avoided. One object 
of this paper is to present a suggested scientific approach to the establishment of 
such criteria. Another object is to present some elementary ideas on the physical 
properties of the hearing mechanism which will be of aid to the otologist and the 
industrial hygienist in establishing a correlation between noise measurements and 
hearing damage. 


Il, PREVIOUS CRITERIA 


Efforts to establish a simple correlation between over-all sound-level measure- 
ments and hearing damage have met with little success." The importance of weight- 
ing the effect of frequency is now well recognized. Kryter * has made an exhaustive 
survey of the literature and summarizes, using italics, as follows: “It is clear that 
the spectrum of noise must be analysed before its deafening value can be estimated. 
Unfortunately, most sound level measures in the past .. . are over-all measures 
of intensity.” 


From the Armour Research Foundation of Illinois Institute of Technology. 

The scientific material in this paper was presented originally at the Forty-third Annual 
Meeting of the Acoustical Society of America, May 8, 9, and 10, 1952. Some of the material 
is also being published in the Journal of the Acoustical Society of America. 

1. Goldner, A.: Arch. Otolaryng. 42:407-411, 1945. Sleight, R. B., and Tiffin, J.: J. 
Appl. Psychol. 32:476-489, 1948. 

2. Kryter, K. D.: The Effects of Noise on Man, J. Speech & Hearing Disorders, Mono- 
graph Supp. 1, Sept., 1950. 
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Kryter speculated about a maximum safe level in the following quotation from 
his monograph : 

A fair, perhaps conservative, evaluation of the laboratory and industrial studies on stimulation 
deafness would seem to be that for long and intermittent exposures any frequency of sound (or 
narrow band not exceeding the critical width), that is, 85 db. or less above 0.0002 dyne/cm.,? 
will not cause any temporary or permanent deafness. 

The “guess” that tones 85 db. above 0.0002 dyne/cm.? may cause some deafness, either tem- 
porarily or permanent, applies only for long periods of exposure, applied intermittently over 
months or years. 


Lacking any other scientific standard, other writers * have accepted this state- 
ment as a criterion for hearing safety. A curve taken from Parrack *” and labeled 
“deafness risk criterion” (Chart 1) is essentially the “85 db. per critical band” 
statement given above translated into octave-band levels and increased at the low 
frequencies following the “criterion for no damage to hearing” of Beranek.** 
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Chart. 1.—Deafness risk criterion of Kryter plotted in octave bands, with an increasing 
slope at low frequencies as published by Beranek and Parrack. 


A critical band is the narrowest band around any frequency in which a tone of 
that frequency will be masked when noise of equal intensity is introduced into the 
band. Since the addition of noise outside a critical band does not contribute to the 
masking within the critical band, it is assumed that it likewise does not contribute 
to the deafening effect of the noise within the critical band. Between 100 and 
1000 cps, a critical band is about 40 cps wide. Above that, it increases to about 
250 cps at 8000 cps. Kryter has pointed out that in weighting the effect of noise 
as a function of frequency it is realistic to divide the frequency scale into critical 
bands. This is an important contribution. 


It does not appear, however, that Kryter was correct in assuming that all critical 
bands should be weighted equally. This is essentially the same as assuming that 


3. (a) Beranek, L. L.: Noise Control in Office and Factory Spaces, Industrial Hygiene 
Foundation of America, Inc., Transactions of Chemical Engineering Conferences, Fifteenth 
Annual Meeting, Pittsburgh, Nov. 15, 1950. (b) Parrack, H. O.: Physiological and Psycho- 
logical Effects of Noise, Proceedings of the Second National Noise Abatement Symposium, 
Armour Research Foundation of Illinois Institute of Technology, Chicago, Oct. 5, 1951. 
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the hearing mechanism in the inner ear is equally sensitive in all critical bands to 
the sound pressure in the air outside the head. The error in this assumption will 
be discussed in the next section. 

McGrath * has made the hypothesis that the harmful effect of noise is doubled 
every time the frequency is doubled. On this hypothesis he has worked out a code 
system for weighting octave-band measurements to classify industrial noise environ- 
ments. This weighting of the frequency effect, though arbitrary, appears more 
reasonable than that given by Kryter. 


Ill. SENSATION LEVELS AND HEARING DAMAGE 


In what follows it will be assumed that it is established that permanent hearing 
damage is a consequence of a long and intermittent fatigue brought on by many 
successive exposures to a strong stimulus. This damage occurs in the hair cells 
of the organ of Corti of the inner ear.’ It will also be assumed that the sensation 
in a critical band of the ear is a function, which is the same for all frequencies, of 
the maximum energy stimulus of the nerve endings. (This assumption will be con- 
firmed by evidence given below.) The third assumption is that the fatigue is 
somewhat similarly related to the maximum stimulus of the nerve endings. It 
therefore follows that the hearing damage is the same function of frequency as the 
sensation levels. 

Noise levels are usually measured in terms of the sound-pressure levels in the 
atmosphere just outside the head. The sensation of loudness levels for pure tones 
in terms of sound-pressure level have been plotted by Fletcher and Munson“ and 
Churcher and King.’ The latter curves seem to fit better the loudness curves for 
broad-band noise measurement by Pollack.* This point is discussed in detail in a 
paper by Beranek and associates.* 

The latter paper introduced the idea of an equivalent-tone method of measuring 
the loudness of broad-band noise. In this method, the frequency scale is divided into 
bands which are somewhat greater than critical bands but which contain approxi- 
mately the same number of critical bands in each larger band. This is essentially 
the same as saying the larger bands should have the same number of pitch units, 
mels, in each band.’° The equivalent-tone method is based on the observation that 
the energy sensitivity is not very dependent on the band width. The energy is 
proportional to the sound energy. The energy in the band and the sensation, there- 
fore, both increase proportionately, provided that the band is not too large. Both 
a 300 mel and a 600 mel band seem to give a good fit with experimental data. The 


4. McGrath, R. M.: An Objective Method of Classifying Industrial Noise Environments, 
Proceedings of the Second National Noise Abatement Symposium, Armour Research Founda- 
tion of Illinois Institute of Technology, Chicago, Oct. 5, 1951. 

5. Shambaugh, G. E., Jr.: Effects of Noise on the Ear and Hearing, Proceedings of the 
Second National Noise Abatement Symposium, Armour Research Foundation of Illinois Insti- 
tute of Technology, Chicago, Oct. 5, 1951. 

6. Fletcher, H., and Munson, W. A.: J. Acoust. Soc. Am. 5:82-108, 1933. 

7. Churcher, B. G., and King, A. J.: J. Inst. Elec. Engr. (London) 81:57-90, 1937. 

8. Pollack, I.: Studies in the Loudness of Complex Sounds, Thesis, Harvard University, 
1949. 

9. Beranek, L. L.; Marshall, J. L.; Cudworth, A. L., and Peterson, A. P. G.: J. Acoust. 
Soc. Am. 23:261-269, 1951. 

10. Munson, W. A., and Gardner, M. B.: J. Acoust. Soc. Am, 22:182, 1950. 
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frequency limits, band widths, pitch limits, and mean-pitch frequencies are given in 
Tables 1 and 2, both of which are taken from the paper by Beranek and associates.” 
Mintz and Tyzzer '' have extended the equivalent-tone method to octave-band data 
and give a graph paper for calculation of the loudness in sones. This has also been 
reported elsewhere.'* 

If one plots the sound-pressure level needed to get the same sensation (loud- 
ness) level as a function of 300 mel bands, one gets a set of solid-line curves such 
as those shown in Chart 2. These data are taken from the Churcher-King curves 
by the equivalent-tone method. Plotted are the contour curves for 25 sones (&2 
phons ), for 50 sones (91 phons), for 100 sones (100 phons), and for 200 sones 


TABLE 1.—Frequency Limits of Bands Used in the Equivalent-Tone Calculations 
(Approximately 600 Mel Bands) 


Frequency Band Piteb Mean-Piteh 
Limits, Cps Widths, Cps Limits, Mels Frequencies, Cps 
20-400 0-500 160 
400-1200 00-1150 760 
1200-2400 1150-1750 
2400-4800 1750-2450 
4800-9600 2450-3050 


TasLe 2.—Frequency Limits of Bands Used in the Equivalent-Tone Calculations 
(300 Mel Bands) 


Frequency Band Piteh Mean-Pitch 
Limits, Cps Widths, Cps Limits, Mels Frequencies, Cps 
20-200 0-300 

200-500 300-600 

500-860 36 600-900 

860-1330 900-1200 

1330-1900 1200-1500 

1900-2570 1500-1800 

2570-3450 1800-2100 

3450-4650 2100-2400 

4650-6300 is 2400-2700 

6300-9000 q 2700-3000 


(109 phons) in a 300 mel band. Since there are 10 bands, the total loudnesses of 
a noise spectrum exactly like these contours would be approximately 250, 500. 
1,000, and 2,000 sones, respectively, or approximately 112, 121, 130, and 139 phons, 
respectively. 

|The sone and phon are terms widely used in acoustics to describe loudness 
(hearing sensation). The sone is an arithmetic unit such that 100 sones are twice 
as loud as 50 sones and 50 sones are twice as loud as 25 sones. These loudnesses 
are all compared with the loudness of a 1000 eps tone 40 db. above 0.0002 microbar 
(the hearing threshold). The phon is a unit of loudness level and is therefore 
similar to a decibel. It is in fact the sound-pressure level in decibels of the 1000 eps 
pure tone which is judged by listeners to be equal in loudness. A 1000 cps tone 


11. Mintz, F., and Tyzzer, F. G.: J. Acoust. Soc. Am. 23:80-82, 1952. 

12. Callaway, D. B.: Instrumentation and Techniques for Measurement and Evaluation of 
Industrial Noise, Proceedings of the Second National Noise Abatement Symposium, Armour 
Research Foundation of Illinois Institute of Technology, Chicago, Oct. 5, 1951. 
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40 db. above 0.0002 microbar (1 sone) will have a loudness level of 40 phons ; the 
same tone 80 db. above threshold will be 80 phons (21 sones). The relationship 
between loudness and loudness level was measured by Fletcher and Munson and 
has been discussed by Beranek and associates.” A broad-band noise of a given 
number of decibels may be 10 to 20 level units higher when expressed as phons. | 

It will be noticed that the sensation curves plotted in Chart 2 are decidedly not 
flat with frequency. The difference between the low- and the high-frequency mel 
bands is approximately 20 db. It is difficult therefore to accept an arbitrary stand- 
ard, such as 85 or 90 db., as a damage risk criterion. Such a standard based on 
acoustic energy in the air completely neglects the effect of transmission character- 
istics of the outer and middle ear which produce a different pattern in the inner 
ear, as is discussed below. 

Recently, Fletcher completed a comprehensive theory of the dynamics of the 
hearing mechanism '* based on the brilliant experiments of Bekesy.’* From this 
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Chart 2.—Kqual-sensation curves for broad-band noise in 300 mel bands, as calculated by 
Beranek’s equivalent-tone method from the Churcher-King curves. The dotted line gives the 
sound-pressure level necessary to give a constant maximum velocity amplitude of the basilar 
membrane. 
theory one is able to calculate the energy distribution on the inner ear for various 
frequencies of excitation. One can compute, for instance, for various frequency 
bands the sound-pressure level necessary to give constant maximum energy density 
on the basilar membrane. The point of maximum energy density on the basilar 
membrane varies, of course, with frequency. The relative velocity amplitude of the 
basilar membrane at various distances from the helicotrema is shown in Chart 3. 
Plotted here is the distribution of velocity amplitude for several pure tones from 
100 to 6000 cps when, at all frequencies, the exciting sound pressure outside the 
ear is | microbar (dyne per square centimeter). (This is a sound pressure level 


13. Fletcher, H. A.: Physics Today (No. 12) 4:12-21, 1951. This is a summary of informa- 
tion published in J. Acous. Soc. Am. 23:637-645, 1951, and 24:129-131, 1952. 

14. Bekesy, G. V., and Rosenblith, W. A.: The Mechanical Properties of the Ear, in Hand- 
book of Experimental Psychology, edited by S. S. Stevens, New York, John Wiley & Sons, 
Inc., 1951. 
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of 74 db.) The horizontal coordinate is the number of nerve endings passed over 
in going from the helicotrema to the stapes. These data were taken from Fletcher.'* 
The energy density is proportional to the velocity amplitude squared. One can see 
therefore that the energy of nerve cell stimulation varies drastically with frequency, 
reaching a peak near 4000 cps. 

The dash curve of Chart 2 is a plot of the sound-pressure level necessary to 
give a constant energy density (corresponding to a velocity amplitude of 24 db. 
below 1 cm. per second) on the basilar membrane. The fit with the vibration level 
is so good that one can tentatively conclude that the sensation is a direct function 
of the maximum energy density on the basilar membrane and is practically inde- 
pendent of frequency. This is essentially the same as saying that the sensation is 
directly related to the stimulus of the nerve endings and that the relation is inde- 
pendent of frequency. Therefore, a curve giving a damage risk criterion which is 


VELOCITY AMPLITUDE (Cm /SEC) 


10 20 30 60 80 90 100 


PERCENTAGE OF TOTAL NERVE ENDINGS PASSED 
OVER GOING FROM HELOCITREMA TO STAPES. 


Chart 3.—Variation of velocity amplitude as a function of nerve position on the basilar 
membrane (for tones of frequencies 100, 200, 300, 600, 1000, 2000, and 6000 cps). All curves 
are plotted for the same sound pressure, namely, 1 microbar (dyne per square centimeter) in 
the air outside the head. 


a function of sensation level is essentially the same as one giving the criterion 
as a function of maximum energy density on the basilar membrane. 

The dash curve of Chart 2 is also a plot of a function which is approximately 
proportional to the efficiency of the hearing mechanism for energy transfer from 
the atmosphere to the inner ear. At low frequencies, the mechanism is very 
inefficient. 

No apparatus is available on the market for measurement of noise in 300 mel 
bands. The instrument commonly used for splitting up the frequency spectrum is 
the octave-band filter. Mintz and Tyzzer'! have shown that, to a reasonable 
engineering approximation, the equivalent-tone method of Beranek can be applied 
to octave-band filter measurements. When the sensation (loudness) contours of 
Chart 2 are plotted in octave bands, the curves of Chart 4 are obtained. From the 
foregoing analysis it is believed that a realistic damage risk criterion can be deter- 
mined from this set of curves. 
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The Armour Research Foundation has available more than 200 octave-band 
spectra of various noisy environments in industry. If a generalization can be made 
about these spectra, it is that, on the average, the spectra of industrial noise are 
almost flat with frequency. However, the deviations from that average are great; 
some of the spectra, such as those from blowers, have predominant downward 
slopes with frequency, while others, such as those from metal-cutting equipment, 
have upward slopes. On the basis of the fact that the “average” spectrum is flat, 
it is easy to explain from the graphs of Charts 2, 3, or 4 the 4000 cps “notch” which 
occurs in the audiograms of many industrial workers, particularly in the early 
stages of occupational deafness. It can be seen that about 3000 cps is the most 
sensitive region to stimulus. The work of Davis, Morgan, Hawkins, Galambos, and 
Smith '® has shown that the hearing loss in temporary deafness appears to be 
centered around a frequency about one-half octave band above the stimulus. It 
would be expected that for a great majority of workers the first region of the 
auditory perceptors to be affected would be about 4000 cps. This, of course, will 
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Chart 4.—Equal-sensation curves for broad-band noise in octave bands. The 50 sone and 
100 sone curves are suggested by this paper to be the limits which bracket the damage risk for 
long-time daily exposure to broad-band noise. 


be true only of workers in noise with flat or rising spectra. It should be possible to 
find a few workers exposed to noise with uncommon types of spectra who first show 
loss at other frequencies. 


Scheiwechmann,"* for instance, reports two types of hearing loss. The first 
series of 31 workers in a textile mill had the typical high-frequency loss common 
in the textile industry. The second series of 17 workers in a chocolate factory 
showed only low-frequency loss. Scheiwechmann reports that in the first factory 
most of the energy was between 500 and 5000 cps and that in the second factory 
most of the energy was below 1000 cps, but he gives no information about the type 
of machines. These data are too meager to be of use in a critical analysis. 


15. Davis, H.; Morgan, C. T.; Hawkins, J. E.; Galambos, R., and Smith, F. W.: Temporary 
Deafness Following Exposure to Loud Tones and Noise, Acta oto-laryng., Suppl. 88, 1950. 
16. Scheiwechmann, B. E.: Bull. biol. et méd. expér. URSS 8:185-188, 1939. 
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HARDY—PHYSICAL BASIS OF HEARING DAMAGE 


IV. ESTABLISHMENT OF LIMITS 


OF 


A 


DAMAGE RISK CRITERION 


The problem now is to determine which of the family of curves of Chart 4 sets 
a limit on what is considered dangerous for industry to exceed. Sufficient data are 
not available at this time to be precise about this. It is unfortunate that most of the 
data on noise-level measurements thus far have been on over-all levels which are 
almost valueless in determining a damage risk criterion. 


As a result of the experience of our organization with a large number of 
industrial problems in which hearing loss has been reported, together with con- 
firmation by the meager data in the literature, we have tentatively bracketed the 
dangerous levels. It appears that if the noise level does not exceed 50 sones in any 
octave band prolonged intermittent exposure will not result in hearing damage. On 
the other hand, if a worker works consistently in an environment in which the 
100 sone curve in any octave band is exceeded, it appears that there is a strong possi- 
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Chart 5.—Octave-band spectrum of a weaving mill and range of spectra of boiler-factory, 
fuselage-riveting, and shipbuilding operations compared with equal-sensation contours. 


bility that hearing damage will result after a long period of time. The difference 
between these two limits is approximately 9 db. 

If these conclusions are borne out, the complex problem of evaluating dangerous 
noise environments is reduced to that of simply determining the sound-pressure 
level in a series of octave bands—which data can be easily obtained with equipment 
which is now on the market. 

These are only tentative conclusions. With the great amount of knowledge 
which is now being gathered on hearing loss, it should be possible to determine very 
confidently a more scientific damage risk criterion in the near future, provided that 
the noise level data are obtained by frequency analysis, such as with an octave-band 
filter. The remaining part of this paper will be used to correlate these findings with 
other information from the literature. Ruedi and Furrer'’ report an audio- 
gram of a 28-year-old workman after 10 years of work in a weaving mill. The 


17. Ruedi, L., and Furrer, W.: J. Acoust. Soc. Am. 18:409-412, 1946. 


257 
: 
— 
| 
| 
| 


258 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


octave-band spectrum of the noise in this environment is shown in Chart 5, with 
the 100 sone and 200 sone curves from Chart 4. If the 100 sone curve is the damage 
risk criterion, one would expect the audiogram to begin showing damage one-half 
octave above 1200 cps level and maximum damage at 4000 cps. The audiogram 
of this worker is shown in Chart 6. The agreement with this analysis is exceed- 
ingly good. 

Plotted also in Chart 5 is another curve showing the average spectrum and the 
spread of data measured by members of our organization and others in boiler-room 
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Chart 6.—Hearing loss of a 28-year-old workman after 10 years of work in the weaving- 
mill spectrum given in Chart 5 (after Ruedi and Furrer). 
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Chart 7.—Hearing loss of 296 shipyard workers according to age (after Gardner). Compare 
spectrum range in Chart 5. 


Gperations involving chipping welded seams and riveting steel boilers. A somewhat 
similar spectrum is shown by Miller, Wiener, and Stevens for fuselage riveting in 
an airplane factory, as reported by Kryter.* The noise spectrum of shipbuilding 
riveting is very similar. Expected damage would be a wide-frequency hearing loss 
for even a few years’ exposure. The hearing loss should start at a low-frequency 
value between 150 and 700 cps, depending on the operation, should increase in 
degree to 4000 cps, and then should lower slightly above 5000 cps. It should become 
progressively worse as the time of exposure increases. Chart 7 taken from 
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Gardner '* shows the hearing loss of 296 shipyard workers, and Chart 8 taken from 
Rosenblith '’ shows the hearing loss of workers in a large railroad boiler repair 
shop at Rouen, France. Again there is good agreement. 

McGrath * reports data on 16 workers, but unfortunately he does not give com- 
plete audiograms or spectra. He lists the environments according to a code described 
above. His code system which divides the acoustic spectra by lines, with 6 db. per 
octave slope, is shown in Chart 9. The heavy lines are the 50 sone, 100 sone, and 
200 sone loudness-contour lines. Unfortunately, McGrath uses the total spectra by 
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18. Gardner, W. H.: Indust. Med. 13:676-679, 1944. 
19. Rosenblith, W. A.: J. Acoust. Soc. Am. 13:220-225, 1942. 


Chart 9.—Cede weighting of noise spectrum by McGrath, compared with equal-sensation 
curves for 50, 100, and 200 sones per octave band. 


adding weighted contributions of all bands before determining the code number. 
His conclusion is that Code 12 is definitely damaging and Code 11 may tentatively 
be a borderline case. Workers in Code 10 or lower show only minor hearing loss. 
These criteria definitely agree with the one established by the method mentioned 
in this report and indicate the danger of exceeding a noise level which gives a 
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That the 50 sone limit is one below which hearing damage is unlikely can be 
confirmed by other knowledge. In Chart 10 there are plotted the 50 sone contour 
and two noise spectra from the literature. Curve A (the lower spectrum) is the 
average spectrum inside a subway train in Chicago, as measured by Bonvallet.*° 
(No curve is available for the New York subway system, but the noise level in that 
city is known to be higher than the Chicago spectrum.) Curve B (the upper spec- 
trum) is the sound spectrum measured in the passenger seats of a C-53 (practically 
equivalent to a DC-3) airplane.*! Since the subway is used daily by millions of 
persons, some using it for more than one hour per day, and since some personnel 
have flown millions of miles in passenger aircraft apparently without effect on their 
hearing, it seems reasonable to suppose that the 50 sone limit is a safe one, at least 
until it is proved otherwise. 

It should be remarked that the spectra inside some military aircraft, particularly 
those reported in World War II, exceed the 100 sone limit slightly, particularly at 
low frequencies. 
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Chart 10.—Octave-band spectra inside a Chicago subway train (after Bonvallet) and inside 
a C-53 (DC-3) airplane (after Egan and associates) compared with 50 sones per octave band 
sensation curve. 


It is also interesting to point out that it is usually almost impossible to conduct 
conversation, except by shouting in another’s ears, in the typical industrial environ- 
ment in which the spectrum exceeds the 100 sone per octave band criterion. It is 
possible to communicate at a distance of one foot or more by loud talking in 
a typical industrial environment in which the spectrum does not exceed 50 sones 
in any octave band. In the factory areas where the noise spectra are not unusual 
(that is, where they have a very predominant frequency band), a damage risk check 
which can be made quickly but not accurately is the following: If conversation can 
be carried on by loud talking at a distance of 1 ft. or more, the area is probably 
safe ; if conversation is impossible or can be managed only by shouting in another’s 
ears, the environment is probably above the safe limit for long-time exposure. 


20. Bonvallet, G. L.: J. Acoust. Soc. Am. 22:201-205, 1950. 

21. Egan, J. P.; Griffin, D. R.; Miller, J.; Waterman, T. H., and Stevens, S. S.: The 
Performance of Communication Equipment in Noise, OSRD Report 901. Psycho-Acoustic 
Laboratory, Harvard University, Cambridge, Mass., Harvard University Press, Oct. 1, 1942. 
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V. CONCLUSIONS 


It seems reasonable to conclude that the hearing damage curves should have 
the same shape as sensation curves, since both are caused by the same stimulus. 
This is confirmed by the fact that the frequency-sensation level curves are almost 
identical with the curves of frequency against maximum energy on the basilar mem- 
brane. Such curves explain for the first time the 4000 cps “notch” which occurs 
in the audiograms of many industrial workers. 

The experience of our organization, confirmed by the few data in the literature, 
indicates that the spectrum level which exceeds 100 sones per octave band is very 
probably damaging for long-time daily exposure. For occasional exposure, spectrum 
levels of perhaps 200 sones or more are probably safe. All the evidence available 
indicates that when no octave-band level exceeds 50 sones there is very little likeli- 
hood that hearing damage will occur, even when the daily exposure persists over 
many years. 

It is very important that these conclusions be documented by further research. 
Undoubtedly, audiologists and otologists will bring forth ample clinical data to 
check fully these conclusions and perhaps to bracket even better the limits presented 
here. 

There are also many variables which need to be studied. Among the questions 
to be answered are the following: 


1. How many years of exposure are dangerous at a prescribed sensation level ? 

2. What is the effect of age on exposure? 

3. Does periodical ‘removal from the noise environment (months or more) 
inhibit the progressive effect ? 

4+. Do short rests (minutes or hours) between exposures give recovery from 
auditory fatigue ? 

5. How are scientists to evaluate the damage due to successive impact sounds, 
such as from a punch press or firearms? 


6. How does biological variance between persons affect the results? 


Undoubtedly, the statistical answers to these questions will modify to some 
extent the detailed criteria. All of these answers may take many years to obtain. 
In all occupational hazards a working compromise must be made between expedi- 
ency and scientific accuracy. It is hoped that in trying to get a perfect standard 
the issue will not be so confused that tentative working standards will be unavailable 
for insurance companies, plant managers, and industrial safety and health depart- 
ments. 


This paper was reviewed by several associates who have made valuable comments and 
suggestions. 
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EFFECT OF DIET ON THE SUSCEPTIBILITY OF THE RAT 
TO POISONING BY 2,4-DINITROTOLUENE 


MAURICE E. SHILS, Sc.D. 
AND 


LEONARD J. GOLDWATER, M.D. 
NEW YORK 


UR ATTENTION was attracted originally to the influence of diet on the 
toxicity of 2,4-dinitrotoluene because of reports indicating a contrary effect of 
diets high in fat on the toxicities of this compound and the closely related substance 
trinitrotoluene. Clayton and Baumann ' had found that fat was distinctly beneficial 
with respect to growth of mice receiving 2,4-dinitrotoluene, while Himsworth and 
Glynn * had reported that fat was very deleterious to rats receiving trinitrotoluene. 
This reported difference in the effect of fat on the related nitrotoluenes invited 
further investigation. 


In a previous paper“ we have presented evidence indicating that under the 
conditions of our experiments high-fat diets were little, if any, more deleterious than 
low-fat diets when trinitrotoluene was ingested by rats. It was suggested that the 
findings of Himsworth and Glynn? may have been due, at least in part, to the 
fact that their high-fat diet was also low in protein. 

This paper presents our findings on the effect of variations in diet on the toxicity 
of 2,4-dinitrotoluene. 


EXPERIMENTAL PROCEDURES 


Comparison was made of the growth, appearance, survival, and blood picture of 2,4-dinitro- 
toluene-treated and control Sherman albino rats on each of four different diets varying in respect 
to their content of fat, protein, and carbohydrate. The diets were the same as those used in the 
trinitrotoluene study *; their composition is given in Table 1 together with the caloric contribu- 
tion of the components. The more specific caloric figures of 4.5, 3.75, and 9.45 Cal. per gram for 
casein, glucose (cerelose), and corn oil, respectively, were used instead of the more usual Atwater 


figures of 4, 4, and 9 Cal. The salt mixture and vitamins were incorporated on an equicaloric 


Dr. Shils and Dr. Goldwater are with the Department of Occupational Medicine, School of 
Public Health, Columbia University. 

This study was supported by a grant (RG 312) from the United States Public Health 
Service. Preliminary accounts of this work were presented before the American Industrial 
Hygiene Association in Detroit in April, 1949, and the American Institute of Nutrition in 
Detroit in April, 1949. 

1. Clayton, C. C., and Baumann, C. A.: (a) Some Effects of Diet on the Resistance of Mice 
Toward 2,4-Dinitrotoluene, Arch. Biochem. 5:115 (Sept.) 1944; (b) Effect of Fat and Calories 
on the Resistance of Mice to 2,4-Dinitrotoluene, ibid. 16:415 (March) 1948. 

2. Himsworth, H. P., and Glynn, L. E.: Experimental Trinitrotoluene Poisoning: The 
Effect of Diet, Clin. Sc. 4:421 (Dec.) 1942. 

3. Shils, M. E., and Goldwater, L. J.: The Effect of Diet on the Susceptibility of Rats to 
Poisoning by 2,4,6-Trinitrotoluene (TNT), J. Nutrition 41:293 (June) 1950. 
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basis. In Series 1 and 2 the animals destined for the low-protein Diets 6 and 7 were maintained 
for the first eight days on diets of similar composition, except that the protein was at a level of 
7.5% in order that a severer protein deficit might develop. 

In the first experiment (Series 1), the 2,4-dinitrotoluene was fed in the diet for part of the 
experiment and injected for the remainder, while in Series 3 and 4 the 2,4-dinitrotoluene was 
injected throughout. For injection a solution of 2,4-dinitrotoluene in corn oil (50 mg. per milli- 
liter) was given intraperitoneally once daily six days per week. The levels at which 2,4-dinitro- 
toluene was incorporated in the diets were based on actual food intake rather than on the weight 
basis or caloric basis used by Clayton and Baumann,' because food-intake measurements indicated 
that the groups on different diets were often not ingesting equal calories and that, in addition, 
the food intake of the 2,4-dinitrotoluene-treated rats tended to change. Accordingly, a record of 
food intake was kept, and the level of 2,4-dinitrotoluene was changed whenever a consistent 


Taste 1.—Composition of Diets Containing 2,4-Dinitrotoluene on a Caloric and on a 
Weight Basis 


% by Calories + 100 % by Weight 
Diet Type* Casein Corn Oil Glucose in Gm. Casein Corn Oil ~Ghueose Salts} 
LPHF 12.5 60.0 27.5 16.5 15.9 36.3 42.0 5.8 
, eee LPLF 12.5 6.0 S10 25.0 10.7 24 83.1 3.8 
Gevncnvands MPHF 25.0 60.0 15.0 16.9 32.9 37.6 23.6 59 
Disccdcans MPLF 25.0 6.0 69.0 24.6 21.7 2.5 719 3.9 


* L indicates low, H, high; M, moderate; P, protein, and F, fat. 
+ Supplements in the following amounts were incorporated per 400 Cal. of each diet: thiamine, 2 me.: 
riboflavin, 2 mg.; pyridoxine, 2 mg.; calcium pantothenate, 5 me.; niacin, 5 mg.: menadione, 1 meg.; folie 
acid, 0.2 mg.; biotin, 0.002 mg.; inositol, 2 mg.; p-aminobenzoie acid, 2 myg.; percomorph oil, 3 drops; alpha- 
tocopherol, 1 mg., and choline chloride, 50 meg. 

? The salt mixture was No. 2 formula (U. S. P. XII). 


TasLE 2.—Food and 2,4-Dinitrotoluene Intake by Rats of Series 1* 


Avg. Diet 6 Diet 7 Diet 8 Diet 9 
Dayst Intake DNT Control DNT Control DNT Control DNT Control 
8 through 14......... Food, Gm. 6 7 8 8 12 15 M4 11 75 66 1 5 11 ll ll 11 : 
15 through 21......... Food, Gm. 7 6 85 85 1 16 14 ll 8 7 10 8 10 12 ll ll 7 
DNT, Mg. 42 36 ae 30 4m es 42 37 oe és 
27 through 99. ........ Food, Gm. 7 5 10 8 8 10 7 5 ll 13 13.5 13 


DNT, Mg. 30 ee ee ee 30 we ee 41 48 


* Amount of 2, 4-dinitrotoluene incorporated per 100 gm. of diet for the following days: 
Days 


1-14, Mg. 15-39, Mg. 


600 600 
300 300 
600 600 


+ The average intake data of Days 1 to 8 were inaccurate because of spillage by some rats and erratic intake of some 
animals ingesting 2, 4-dinitrotoluene. 


change occurred in food consumption in an attempt to maintain equal intakes of the toxic com- 
pound for all groups; the intake of the group on Diet 6 served as the base line. The groups on 
the high-fat diets (Diets 6 and 8) were given initially 600 mg. per 100 cc. of 2,4-dinitrotoluene 
in the diets and those on the low-fat diets (Diets 7 and 9) were given 300 mg. per 100 cc. 

In Series 1 equal numbers of rats of both sexes were used, while in the following series the 
rats were all males. The actual number of animals used in each series is given in Table 3. 


RESULTS 
The attempt to insure equal oral ingestion of 2,4-dinitrotoluene by the various 
groups in Series 1 and 2 was not successful because of serious variations in food 


intake. As may be seen from Table 2, for example, anorexia developed in rats of 
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both sexes on Diet 7 (low-protein low-fat). This inability to obtain equal 2,4-dinitro- 
toluene intake was confirmed with Series 2, and resort was then made to injection 
of 2,4-dinitrotoluene in order to insure equal amounts to all animals. 


Mortality —The mortality data (Table 3) reveal that diet does influence the 
toxicity of 2,4-dinitrotoluene. When this substance was injected into the animals 
on the low-protein diets (Diets 6 and 7) in Series 2, 3, and 4, fat had a marked 
sparing action. Thus, on Diet 6 (low-protein high-fat), 2 of 22 treated rats died 
in contrast to 20 of 23 on Diet 7 (low-protein low-fat). These marked differences in 
mortality occurred regardless of whether 2,4-dinitrotoluene was injected in the 
same amounts in all rats (Series 2 and 3) or on a weight basis (Series 4+). 

In contrast to this dietary influence noted with injected 2,4-dinitrotoluene is the 
apparent lack of protective effect of fat in the diet when 2,4-dinitrotoluene has been 
ingested orally. Thus, in Series 1 and 2, equal numbers of rats (9 of 19 or 20) died 
on both the high- and the low-fat Diets 6 and 7 containing 2,4-dinitrotoluene. 

The higher protein intakes afforded by Diets 8 and 9 prevented death, regardless 
of the fat content of the diet or the mode of administration of 2,4-dinitrotoluene. 


DNT Diet 


Adminis- Time with - 
Series tration DNT, Days 6(LPHF) 7 (LPLF) 8 (MPHF) 9 (MPLF) 
Fed* 44 5/10} 5/10 0/10 0/10 
Fed* 19 4/10 49 
Injectedt 16 1/6 4/5 
Injected} 26 1/7 7/8 


* Initially, Diets 6 and & contained 0.60% 2, 4-dinitrotoluene and Diets 7 and 9, 0.30% trinitrotoluene. 

+ After a 19-day period when 2, 4-dinitrotoluene was fed in the diet, it was administered by intraperitoneal 
injection of 12.5 mg. per rat daily in a corn-oil solution (50 mg./ml). 

t Dosage of 12.5 mg. of 2, 4-dinitrotoluene per rat injeeted intraperitoneally daily in a corn-oil solution 
(50 mg./mil.). 

§ Dosage of 10 mg. of 2, 4-dinitrotoluene per 100 gm. of body weight injected daily. 

|| Numerator indicates number of deaths and denominator the total number of animals exposed. 


The symptoms of acute poisoning following 2,4-dinitrotoluene injection resembled 
those described for mice by Clayton and Baumann.’ In addition, in our experiments 
in which 2,4-dinitrotoluene was injected over many weeks, it was noted that in rats 
severely affected by 2,4-dinitrotoluene a spastic paralysis developed. There was a 
marked individual susceptibility within a group on the same diet, even when 2,4-dini- 
trotoluene was given on a weight basis. 

Growth—The data revealed that 2,4-dinitrotoluene hindered growth irrespective 
of diet. Nevertheless, the extent of growth of the animals on the four diets followed 
the same relative order as that obtained with the control rats (Figure). For the 
males, the order in terms of decreasing growth was moderate-protein high-fat, 
moderate-protein low-fat, low-protein high-fat, and, lastly, low-protein low-fat. In 
the case of the females not receiving 2,4-dinitrotoluene, there was little difference in 
the growth rate on the low-protein diets with the different amounts of fat; the 
females receiving 2,4-dinitrotoluene followed the pattern of the males with respect 
to the order of decreasing growth. The males given 2,4-dinitrotoluene parenterally 
grew in the same general order as those given the compound orally. 

The growth data indicate that the higher protein intakes were beneficial for 
controls as well as for 2,4-dinitrotoluene-treated rats. Furthermore, the pattern 
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of growth of these treated animals is such that the improvement due to protein 
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would appear to be the general response of a protein-deficient animal to more pro- 
tein. If the protein were exerting some specific detoxifying influence, a more marked 
response would have been expected relative to the contrél animals. The control rats 
on the high-fat diets grew somewhat better on the average than those on the low-fat 


diets, and this held true also for the 2,4-dinitrotoluene-treated animals. 
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Influence of 2,4-dinitrotoluene on the growth of rats subsisting on diets of varying composi- 
tion, with average growth curves of five rats of each sex in Series 1. L indicates low, H, high: 


M, moderate; F, fat; P, protein; C, 


control group, and DNT, 2,4-dinitrotoluene-fed group. 


Animals started on experimental diets on the 9th day (Arrow 1); protein increased from 7.5% 
of calories to 12.5% on 19th day (Arrow 2); 2,4-dinitrotoluene feeding started on the 22d day 


(Arrow 3). Cross represents time of death of one rat. 


Effect of Diet and 2,4-Dinitrotoluene on Hemoglobin Levels —Observations were 


made on certain aspects of the blood picture to determine the influence of diet. 


Determinations of hemoglobin value, hematocrit reading, and red and white blood 
cell counts were made on many of the animals. 
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All 2,4-dinitrotoluene-treated rats showed an anemia (Table 4). In addition, 
the expected decreases in hemoglobin values, hematocrit reading, and red cell count 
were found in the protein-deficient control rats as compared with those on the higher 
protein intake. Thus, the animals receiving 2,4-dinitrotoluene and subsisting on 
Diets 6 and 7 showed the combined effects of the toxic substance and the protein 
inadequacy. 

While too few rats were available for statistical analysis, the data suggest that 
the females were more resistant to the hematological effects of 2,4-dinitrotoluene 
than the males, particularly on the low-protein diets. Hematocrit readings and 
erythrocyte counts were consistent with the hemoglobin levels. 

The level of fat in the diet seemed to have no influence on the degree of anemia. 
Although too few animals were available in the group on Diet 7 receiving 2,4-dini- 
trotoluene (because of the high mortality) to make any statistical comparison with 
those on Diet 6, nevertheless there is a pattern of consistency between the treated 
rats on the high- and the low-fat diets. 


Tasie 4.—Hemoglobin Concentration in 2,4-Dinitrotoluene-Treated and Control Rats 
of Series 1 and 2 


Males, Females, 


Diet Group Gm. per 100 Ce. Gm. per 100 Ce, 
6 12.6 (8)* 13.6 (4) 
dai baste 9.5 (6) 12.0 (2) 
7 12.7 (10) 12.7 (5) 
13.7 (6) 13.6 (5) 
tens 11.3 (10) 12.0 (5) 
9 pk 14.2 (10) 14.8 (5) 
11.5 (6) 12.9 (5) 


* Figures in parentheses indicate number of animals sampled. 


No effect of 2,4-dinitrotoluene on white blood cell count was noted. 

Urine Color.—Rats fed 2,4-dinitrotoluene excreted urine which was a somewhat 
deeper yellow than the urine of those not receiving the compound. Those injected 
with 2,4-dinitrotoluene excreted a still deeper yellow urine. This is in contrast to the 
brilliant orange pigment reported by Clayton and Baumann " to be excreted by mice 
after injection with 2,4-dinitrotoluene or the bright red urine excreted by rats receiv- 
ing trinitrotoluene.* 

COMMENT 


Our results with rats confirm those which Clayton and Baumann ' obtained 
with mice with respect to the increased resistance to injected 2,4-dinitrotoluene 
imparted by high-fat diets as compared with low-fat diets. Our growth data, on the 
other hand, do not suggest any marked protective effect of fat with respect to growth; 
fat may have been slightly beneficial on the low-protein diet. The difficulty in obtain- 
ing equal intakes of 2.4-dinitrotoluene by the groups consuming diets of different 
cuoric density (even though the compound was incorporated on an isocaloric basis ), 
the progressive anorexia of the poisoned animals, and the high mortality among 
those on the low-protein diets all make fine distinctions difficult. Clayton and Bau- 
mann did not study the influence of fat with low-protein intake when 2,4-dinitro- 
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toluene was injected. Their data on the beneficial effect of fat with adequate protein 
levels viewed in the light of our data may mean that fat is protective regardless of 
protein intake if the proper dosage of 2,4-dinitrotoluene is administered. 

The discrepancies in the modifying influence of fat level on survival noted with 
the two modes of administration are of interest. One possible explanation was the 
tendency of rats ingesting 2,4-dinitrotoluene with Diet 6 (high-fat low-protein) 
to obtain more of this substance than those ingesting it with Diet 7; this may have 
balanced any increased toxicity on the low-fat diet. In addition, the animals ingest- 
ing 2,4-dinitrotoluene with the diet were receiving at least twice as much on a daily 
basis as those given 2,4-dinitrotoluene by injection. The possible influence of diet 
on absorption of orally ingested 2,4-dinitrotoluene must also be considered in account- 
ing for the differences, as well as the fact that the injected animals had the problem 
of handling a single large dose as compared with the gradual ingestion of 2,4-dini- 
trotoluene by the rats in whose diet this compound was incorporated. One or more 
of these factors and possibly others may account for the differences observed with 
mode of administration. 

Exact comparison of the relative effects of diet on susceptibility to 2,4-dinitro- 
toluene and trinitrotoluene * is not possible because of the different levels of these 
substances that were used (2,4-dinitrotoluene was incorporated in the diets at 
approximately 1.5 to 2.0 times that of trinitrotoluene on a weight basis) ; however, it 
may be noted that no marked differences in the influence of various levels of fat, 
protein, and carbohydrate were apparent with oral intake of either of these nitro 
compounds. At the lower protein levels, the toxicity of trinitrotoluene as measured 
by growth appeared to be slightly accentuated with the higher fat intake, whereas 
with 2,4-dinitrotoluene the toxicity appeared to be somewhat diminished in the 
presence of fat. 

SUMMARY 


Under the conditions of our experiments, a high intake of fat (in the form of 
corn oil) was found to be definitely beneficial with respect to the survival of rats 
subsisting on a low-protein intake and receiving 2,4-dinitrotoluene parenterally. The 
fat content did not appear to alter mortality when the 2,4-dinitrotoluene was incor- 
porated in the diet. Increased amounts of protein in the form of casein prevented 
death whatever the mode of administration of 2,4-dinitrotoluene. No specific pro- 
tective effect against the growth depression caused by 2,4-dinitrotoluene was noted 
on any of the diets tested, nor did any diet succeed in preventing this growth inhi- 
bition. Increased protein caused a nonspecific improvement in growth in the 
2,4-dinitrotoluene-treated and the control rats. 
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TOXICITY OF 2-ETHYLHEXYL DIPHENYL PHOSPHATE 


Il. Metabolic Fate in Man and Animals 


JOSEPH F. TREON, Ph.D. 
JOHN CAPPEL, B.S. 
AND 
HOWARD SIGMON 
CINCINNATI 


HE IMMEDIATE toxicity of 2-ethylhexyl diphenyl phosphate and the results 

obtained in long-term feeding experiments with this compound were reported 
previously.' Because of its use as a plasticizer in the manufacture of food wrappers, 
its metabolic fate in man and animals was investigated. 


On hydrolysis, one part of 2-ethylhexyl diphenyl phosphate (Santicizer 141) 
would yield 51.94% by weight of phenol. Other properties of this material were 
mentioned in the earlier report.’ 


EXPERIMENTAL PROCEDURES 


In order to determine the extent to which ingested 2-ethylhexyl diphenyl phosphate might 
be eliminated in the feces, and in order to determine whether any evidence of absorption of the 
substance into the tissues could be found by examining the urine for the presence of either 
the material itself or certain possible products of its hydrolysis, such as phenol or 2-ethylhexyl 
alcohol, or their respective conjugation products, such as metabolites, single and repetitive doses 
were given to rabbits and subsequently to men. 

In the case of rabbits, specimens of urine and feces, to serve for purposes of control, were 
collected for a period of 24 hours preceding the administration of the material. In the case 
of human subjects, 24-hour samples of these excreta were collected on each of five to eight 
days preceding the ingestion of the material. Twenty-four-hour specimens were collected 
during the period of ingestion and during four to six days after the last dose had been taken. 


ANALYTICAL METHODS 


Fatty Acids.—No attempts were made to determine 2-ethylhexyl alcohol, a possible product 
of hydrolysis of 2-ethylhexyl diphenyl phosphate. Instead, a search was made in the urine 
for abnormal amounts of fatty acids that might result from the oxidation of this alcohol in the 


tissues. For this purpose, the method of Friedemann? was used in the manner in which 


From the Kettering Laboratory in the Department of Preventive Medicine and Industrial 
Health, University of Cincinnati College of Medicine. 

1. Treon, J. F.; Dutra, F. R., and Cleveland, F. P.: Toxicity of 2-Ethylhexyl Diphenyl 
Phosphate: I. Immediate Toxicity and Effects of Long-Term Feeding Experiments, A. M. A. 
Arch. Indust. Hyg. 8:170 (Sept) 1953. 


2. Friedemann, T. E., and Brook, T.: The Identification and Quantitative Determination of 
Volatile Alcohols and Acids, J. Biol. Chem. 123:161-184 (March) 1938. 
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it had been employed by Shaffer and associates * in a similar investigation of di(2-ethylhexyl) 
phthalate to show an elevated level of fatty acid excretion. 

Free and Conjugated Phenols—The method of Deichmann and Schafer 4 was employed 
for the determination of phenol both in its free and its metabolically conjugated forms in urine. 
This method was also employed in the case of feces, a slightly different procedure being 
adopted for the separation of the free and the conjugated phenols from rabbit and human 
feces. 

Since it appeared likely in experiments in which 2-ethylhexyl diphenyl phosphate was 
ingested that the feces would be contaminated with unabsorbed amounts of that substance, 
some experiments were performed to determine whether its presence would interfere with 
the use of the method. These were designed to demonstrate whether phenol could be liberated 
by the conditions of acidity and alkalinity that prevail at various stages of the analysis, since 
the liberation of phenol from 2-ethylhexyl diphenyl phosphate would invalidate the method. 
Since it is subjected to a solution containing somewhat more than 2% of concentrated hydro- 
chloric acid in the steam distillation, it was believed necessary to have evidence of the stability 
of 2-ethylhexyl diphenyl phosphate under even severer conditions. Five milliliters of concen- 
trated hydrochloric acid (s. g., 1.19), diluted 1 to 4 with distilled water, was added to 1.19 mg. 
of the compound in a distilling flask and refluxed for 3) minutes, after which it was diluted 
and steam distilled. Spectrophotometric analysis of the distillate revealed no phenol when 
performed by the diazotized p-nitroaniline method of Deichmann and Schafer. When a 
larger amount (128.8 mg.) of the material was refluxed first for 30 minutes with 10 ml. of 
concentrated hydrochloric acid and then for, another 60 minutes after the addition of 5 ml. 
of 10 N sulfuric acid, a large globule of oil remained floating on the surface even after 
subsequent steam distillation. No phenol could be detected in the distillate by bromination, 
while the amount found spectrophotometrically corresponded to but 0.72% of the phenol content 
of the amount of 2-ethylhexyl diphenyl phosphate employed. It is evident that any 2-ethyl- 
hexyl diphenyl phosphate present in the feces (or urine) would resist acid hydrolysis during 
the steam distillation. 

To determine whether the concentration of alkali used to retain the phenols during the 
evaporation of ether, prior to steam distillation, would be sufficient to hydrolyze any 2- 
ethylhexyl diphenyl phosphate in the sample analyzed, a sample of rabbit urine was divided 
into two 20 ml. portions; to one portion a known amount of 2-ethylhexyl diphenyl phosphate 
was added, after which each portion was analyzed in the usual manner for both free and 
conjugated phenol. The results of eight tests conducted with urine, containing 2-ethylhexyl 
diphenyl phosphate in amounts ranging from 0.19 to 3.42 mg. in their content of phenol, and 
of eight similar tests conducted with feces, containing the substance in amounts ranging 
from 3.9 to 66.2 mg. in phenol content, failed to indicate a consistent increase in either free 
or conjugated phenols over control values, the small deviations, some positive and some 
negative, between the two analyses for either form of phenol of the various samples being 
distributed in random fashion. 

Thus the presence of 2-ethylhexyl diphenyl phosphate does not interfere with the determina- 
tion of phenol. 


2-Ethylhexyl Diphenyl Phosphate or Other Difficulily Hydrolysable Compounds—Since 
it contains phenol as part of its structure, 2-ethylhexyl diphenyl phosphate absorbs ultraviclet 
radiation of 2,615 A, according to the law of Beer-Lambert. Unfortunately the use of this 
property for its determination could not be adopted, since even in the absence of the compound 
an alcoholic extract of feces contained considerable and variable amounts of material that 
absorbed radiations at that wave length. 


3. Shaffer, C. B.; Carpenter, C. P., and Smyth, H. F., Jr.: Acute and Subacute Toxicity 
of Di(2-Ethylhexyl) Phthalate With Note Upon Its Metabolism, J. Indust. Hyg. & Toxicol. 
27:130-135 (May) 1945. 

4. Deichmann, W., and Schafer, L. J.: Phenol Studies: I. Review of the Literature. 
II. Quantitative Spectrophotometric Estimation of Free and Conjugated Phenol in Tissues 
and Fluids. III. Phenol Content of Normal Human Tissues and Fluids, Am. J. Clin. Path. 
12:129-143 (March) 1942. 
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Although, as has been stated, 2-ethylhexyl diphenyl phosphate is not sufficiently hydrolyzed 
by dilute alkalies to interfere with the determination of phenols by the usual methods, it was 
found that phenol can be liberated from it by a more drastic treatment with alkali. 

In practice, an aliquot sample of urine, usually 1 to 5 ml. in accordance with the amount of 
2-ethylhexyl diphenyl phosphate which might be anticipated, was placed in a distilling flask 
with a carborundum boiling stone. Ten milliliters of a 25% solution of sodium hydroxide was 
added, and the mixture was refluxed for one hour. After it had cooled to room temperature, 
10 ml. of concentrated hydrochloric acid (s. g., 1.19) was added by layering, and the flask 
was connected to a steam generator. The phenol was distilled into a 350 ml. flask containing 
4 ml. of a 2% sodium hydroxide solution, the distillation being continued until the volume 
of the liquid in the receiving flask amounted to 300 ml. An aliquot of the distillate was allowed 
to react with diazotized p-nitroaniline, the intensity of the resulting red color being measured 
immediately on a Beckman spectrophotometer at 500 mz. 

In the case of feces, an aliquot of 1 gm. of a syrupy homogeneous mixture of water and 
feces prepared in a Waring Blendor was employed. 

To test the recovery of 2-ethylhexyl diphenyl phosphate from feces and urine by this 
method, known amounts of the material were added to the feces and urine. A corresponding 
aliquot of feces or urine, without the material, was analyzed at the same time by the method. 
In 31 tests of rabbit urine divided into two portions, one of which contained quantities of 
2-ethylhexyl diphenyl phosphate equivalent in phenol content to a range from 0.952 to 11.69 
mg. per milliliter, a mean recovery of 94% (standard deviation, 9.8%) was obtained. In 32 
similar tests carried out with 1 gm. samples of feces, one portion of which contained quantities 
of 2-ethylhexyl diphenyl phosphate which ranged from 0.952 to 67.2 mg. in terms of phenol 
content, the mean recovery amounted to 88.9% (standard deviation, 13.2%). Whether little 
or much 2-ethylhexyl diphenyl phosphate was added did not appear to affect the percentage 
recovered in any regular fashion. In tests performed before the addition of feces, an alcoholic 
solution of 2-ethylhexyl diphenyl phosphate was added to the distilling flask, and the alcohol 
was evaporated by immersing the open flask in boiling water, a suction tube being inserted 
into the neck of the flask. In one test of feces which yielded sufficient phenol in the steam 
distillate for bromination and titration with 0.05 N sodium thiosulfate, 96.5% was recovered 
by this method, as compared with 95.5% by the spectrophotometric method. 


ABSORPTION AND METABOLIC FATE 


Oral Administration to Rabbits single oral dose of 2-ethylhexyl diphenyl 
phosphate was administered to each of 12 rabbits. Each of four rabbits was given 
1.0 ml. per kilogram, four others were given 2.0 ml. per kilogram, and a third group 
of four was given 3.0 ml. per kilogram. All survived without any observed ill effects. 
The total amount of phenol contained in the dose given each rabbit is shown in 
Table 1. The amounts of phenol recovered in the feces and in the urine as free 
phenol, as conjugated phenol, and as 2-ethylhexyl diphenyl phosphate or some similar 
difficultly hydrolyzable phenol for a period of four or five days thereafter, when 
corrected in accordance with control values, are also shown in this Table. The quan- 
tities recovered from the feces of these rabbits are shown logarithmically in the 
upper portion of Chart 1 and are expressed graphically as percentages of the total 
dose in the lower portion. The amounts found in the urine of these rabbits are shown 
similarly in Chart 2. 

During the first 24 hours after it had been ingested, a large amount of 2-ethyl- 
hexyl diphenyl phosphate appeared in the feces of eight of the animals investigated 
in this manner, the amounts of phenol from this source ranging from 0.69 to 2.27 
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gm. On the succeeding days the amounts so eliminated decreased progressively. 
In general, the greater the dose given, the longer did the material continue to be 
in the feces. 

The proportion of the original dose eventually eliminated in various forms is 
given in Table 1. In the case of difficultly hydrolyzable phenol in the feces, these 
values range from 42.85 to 71.33%, the average being 53.6%. If allowance is made 
for the fact that the analytical method was capable of recovering but 89% of known 
amounts of 2-ethylhexyl diphenyl phosphate when added to the feces, the elimination 
of ingested 2-ethylhexyl diphenyl phosphate in the feces was of the order of 60%. 


TABLE 1.—Recovery of Phenol from Excreta of Rabbits After Its Administration in Bound Form as 2-Ethyl- 
hexyl Diphenyl Phosphate Given as a Single Dose 
(All Values for Phenol Recovered from Excreta Are Expressed as Percentages of the Amount of 
Bound Phenol Given) 


Phenol Recovered 


As 2-Ethylhexy] 


Diphenyl Phosphate Sum of Values Total Phenol 
Total or Some Closely As Conjugated for Free and Recovered in 
Doseof Related Metabolite As Free Phenol Phenol Conjugated Phenols All Forms 
identifi. Phenol In In In In In In In In In In 
cation Given, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, 
No. Me. % % % % % % % % % % % % %o 0 % 
E-74 


No relationship could be discovered between the size of the dose administered and 
the proportion recovered. 

Of the administered phenol which was not recovered as 2-ethylhexyl diphenyl 
phosphate (or closely related, difficultly hydrolyzable metabolite), a certain small 
amount was recovered from the feces in the form of free or conjugated phenol. This 
doubtless represented the result of an attack upon the compound by bacteria or by 
phosphatase in the intestine, since no free phenol was ever found in the feces of any 
of the 12 rabbits prior to the administration of 2-ethylhexyl diphenyl phosphate. 
In general, the amounts of free phenol and conjugated phenol tended to increase 
with an increase in dosage. Greater amounts were often found during the second 
24-hour period after the administration of the dose than during the first 24-hour 
period, while the opposite was true of the recovery of the original material. This 
suggests that some phenol was liberated as the result of slow metabolic processes 
within the digestive tract. The amounts of both free and conjugated phenols 
recovered from the feces after the ingestion of this phosphate represented from 0.35 
to 5.50% of the phenol in the material given (Table 1 and Chart 1), the average 
being 1.49%. 
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E-25 4,670 42.85 21.95 64.80 0.06 0.28 034 O87 816 9.08 0.938 844 9.37 43.78 30.39 74.17 
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B-823 2,780 71.33 10.83 82.16 0.00 090 O90 185 2.28 4.13 18 3.18 6.08 73.18 14.01 87.19 z 
E-28 2,120 43.07 24.62 67.69 O11 063 0.74 1.39 10.99 12.38 150 11.62 18.12 4.57 36.24 9-80.81 
-20 1,840 49.35 18.15 67.0 0.00 0.35 035 257 7.62 10.19 2.57 7.97 10.54 51.92 6.12 78.04 : 
B-864 1,570 0.00 «40.33 0.909 691 7.81 
B-882 4,930 ak 0.11 #4107 #118 039 «5.79 6.18 0.50 6.86 7.36 
B-874 1,540 0.00 «0.83 088 035 163 2.98 0.35 246 2.81 
B-883 5,390 041 #066 1.07 0.68 5.72 6.40 109 638 7A7 
Mean 53.63 1747 72.11 0.52 0.58 068 097 654 7.66 149 «7.12 8.25 6.01 2543 81.44 
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Considerable quantities of a difficultly hydrolyzable phenolic compound (pre- 
sumably 2-ethylhexyl diphenyl phosphate) appeared in the urine after the ingestion 
of the compound (Table 1 and Chart 2). Since the material persisted for longer 
periods in the urine than in the feces, particularly when the dose given was large, 
there is a possibility that it undergoes absorption as long as any remains in the diges- 
tive tract. The difficultly hydrolyzable phenol was excreted in the urine in amounts 


Sum of Free 2-Ethylhexy! Di- | Sum of Free ong] 
and Conjugated phenyl Phosphate [Conjugated Phenol 
Phenol (or Similar and 
Compounds) 2-Ethythexy! Di- 
phenyl Phosphate 
(or Similar 
Compounds) 


Phenol Recovered from Feces; m 


Recovered from Feces 


Percent of Total Dose 


Total Dose of Bound Phenol, as 2-Ethyihexy! Dipheny! 
Phosphate, Given in a Single Dose to Rabbits; grams 


Chart 1.—Recovery of phenol as (1) sum of the free and conjugated phenol, (2) 2-ethyl- ; 
hexyl diphenyl phosphate (or some closely derived metabolite), and (3) sum of the free - 
phenol, conjugated phenol, and 2-ethylhexyl diphenyl phosphate from the feces of rabbits 
after the administration of one dose of 2-ethylhexyl diphenyl phosphate. (The upper portion 


presents the absolute values, and the lower portion presents the percentage of the total dose 
given.) 


which ranged from 9.64 to 24.62% of the initial phenol in the dose given, the 
average being 17.5%. Some hydrolysis of the material occurred in the body, since 
the average amount of free phenol found in the urine was 0.58%, and the conjugated 
phenol was 6.54% of the phenol given. 
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When expressed in terms of its concentration in the urine, the maximum value 
for free phenol after the largest dose of 3.0 ml. of 2-ethylhexyl diphenyl phosphate 
per kilogram had been given was no more than 27 mg. per 100 ml. of urine, while 
in most instances it was no more than 3 to 4 mg. per 100 ml. Seventy-one 24-hour 
samples of the urine of these 12 rabbits averaged 191 ml. in volume. Deichmann * 


Free Phenol Conjugated Phenol | Sum of Free ond| 2-Ethyihexy! Di- | Sum of Free and 
Conjugated Phenol | pheny! Phosphate | Conjugated Phenol 


(or Similar 
Compounds) 2-Ethythexy! Di- 
phenyl Phosphate 
(or Similar 


38 


3 8 
rrr 


Phenol Recovered from Urine, 
n 
5 8 8 $88 § 
T T TTT T TT T T T “TTTT 
T TT T T TT 


234561234561 2345 


Percent of Total Dose 


Recovered from Urine 


T 


23456 


Total Dose of Bound Phenol, os 2-Ethylhexy! Dipheny! Phosphate, Given in a 
Single Dose to Rabbits; grams 


Chart 2—Recovery of phenol as (1) free phenol, (2) conjugated phenol, (3) sum of the 
free and conjugated phenol, (4) 2-ethylhexyl diphenyl phosphate (or some closely derived 
metabolite), and (5) sum of the free phenol, conjugated phenol, and 2-ethylhexyl diphenyl 
phosphate from the urine of rabbits after the administration of one dose of 2-ethylhexyl diphenyl 


phosphate. (The upper portion presents the absolute values, and the lower portion presents 
the percentage of the total dose given.) 


recovered 267 to 615 mg. of phenol, approximately half free and half conjugated, 


from the urine of rabbits within 24 hours after the administration of a sublethal 
dose of phenol. 


5. Deichmann, W. B.: Phenol Studies: V. The Distribution, Detoxification, and Excre- 
tion of Phenol in the Mammalian Body, Arch. Biochem. 3:345-355 (Feb.) 1944. 
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The average over-all recovery of the phenol administered in one dose of 2-ethyl- 
hexyl diphenyl phosphate to each of seven rabbits amounted to 81.44%, the range 
of the values being from 74.2 to 88.9%. About 8.3% of the total phenol given was 
liberated and appeared chiefly in the urine as free or conjugated phenol, while 72% 
of the phenol present in the compound was recovered as 2-ethylhexyl diphenyl 
phosphate or as some compound which hydrolyzed with difficulty, three-fourths 
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Chart 3.—Recovery of phenol as (1) sum of the free and conjugated phenol, (2) 2-ethyl- 
hexyl diphenyl phosphate (or some closely derived metabolite), and (3) sum of the free 
phenol, conjugated phenol, and 2-ethylhexyl diphenyl phosphate from the feces of rabbits 
after the oral administration of serial doses of 2-ethylhexyl diphenyl phosphate. (The upper 


portion presents the absolute values, and the lower portion presents the percentage of the 
total dose given.) 


being in the feces and one-fourth in the urine. If this value be corrected on the 
basis of the incomplete recovery of known amounts of this material added to feces 
and urine, the over-all recoveries would be 86.9%. It cannot be asserted with 
certainty that the unaccounted for 13% does not reflect deficiencies in the analytical 
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method. Actually in work to be reported below, done after more experience had been 
obtained with the methods, over-all recoveries after the ingestion of a series of doses 
by either rabbits or men were somewhat higher. 

Oral Administration of Serial Doses to Rabbits —2-Ethylhexyl diphenyl phos- 
phate was given orally to each of six rabbits on six consecutive days, 0.625 ml. per 
kilogram per day being given to two rabbits, 1.25 ml. per kilogram per day to two 
others, and 2.50 ml. per kilogram per day to two more rabbits. None of the rabbits 
exhibited any untoward effects, and when they were killed for examination 6 to 11 
days after the last dose had been given, all were found to have increased in weight. 
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Chart 4.—Recovery of phenol as (1) free phenol, (2) conjugated phenol, (3) sum of the 
free and conjugated phenol, (4) 2-ethylhexyl diphenyl phosphate (or some closely derived 
metabolite), and (5) sum of the free phenol, conjugated phenol, and 2-ethylhexyl diphenyl 
phosphate from the urine of rabbits after the oral administration of serial doses of 2-ethyl- 
hexyl diphenyl phosphate. (The upper portion presents the absolute values, and the lower 
portion presents the percentage of the total dose given.) 


The recovery of phenol in various forms from the feces and urine of these rabbits 
is given in Table 2 and in Charts 3 and 4. 


Large and for the most part uniform amounts of 2-ethylhexyl diphenyl phosphate 
were eliminated on each of the days during which the compound was given. There 
was only the slightest tendency for these amounts to increase toward the end of the 
period of administration. During the three or four days after the administration of 
the last dose of the material, the amounts of 2-ethylhexyl diphenyl phosphate elimi- 
nated in the feces dropped quickly to zero or to a very small value. A relatively 
small amount of phenol (both free and conjugated) was found in the feces. Greater 
amounts of free and conjugated phenol, taken together, were found in the urine. 
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Although there was definite evidence of a trend toward an increase in the concen- 
tration of conjugated phenols in the urine from day to day as the animals were 
given 2.5 ml. of the material per kilogram daily, this occurred in only one instance 
among the animals given one-half of that dosage and not at all among those given 
one-quarter of the dosage. The concentration of free phenol in the urine never 
exceeded 60 mg. per 100 ml., and only rarely did it exceed 10 mg. per 100 ml., 
notwithstanding the fact that the dosages given daily were large. 

The mean values recorded in Table 2 differ from those in Table 1 in several 
respects. The average percentage of the ingested phenol that appeared as free phenol 
in the urine was twice as great when small doses were given repetitively (1.08%) 
as when larger quantities were given in one dose (0.58%). The urinary concentra- 
tions of free phenol were correspondingly higher in the case of the animals given the 


TasL_e 2.—Recovery of Phenol from Excreta of Rabbits After Its Administration in Bound Form 
as 2-Ethylhexyl Diphenyl Phosphate Given on Each of Six Consecutive Days 
(All Values for Phenol Recovered from Excreta Are Expressed as Percentages of the Amount of 
Bound Phenol Given in Six Doses) 


Phenol Recovered 


As 2-Ethylhexyl] 


Diphenyl Phosphate Sum of Values Total Phenol 
Total or Some Closely As Conjugated for Free and Recovered in 
Dose of Related Metabolite As Free Phenol Phenol Conjugated Phenols All Forms 
Identifi- Phenol In In In In In In In In In In 
cation Given, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, 
No. Mg. % % % % lo % % % % % % % % % % 


E-234 19,980 86.96 10.67 97.63 0.32 #4109 1.41 0.92 3.63 4.55 1% 4.72 5.96 88.20 15.39 103.59 
E-186 18,840 77.13 =10.15 7.28 0.28 1.04 0.55 5.80 6.35 083 6.56 7.39 7.96 16.71 94.67 
E-150 10,200 75.65 13.40 89.05 0.11 1.06 1.17 150 3.37 161 293 4.54 77.26 93.59 


E-301 4,990 58.96 16.87 75.83 0.24 130 1.54 1.81 6.43 8.24 2.05 7.73 9.7 61.01 24.60 85.61 
E-345 4,360 68.44 19.43 87.87 0.05 41.19 1.24 0.93 4.13 5.06 0.98 5.32 6.30 69.42 24.75 94.17 
E-180* —:10,200 62.20 15.33 77.53 0.52 063 1.15 160 84.21 5.81 2.12 4.84 6.96 64.32 20.17 84.49 
73.43 14.10 87.58 0.20 #108 1.28 1.14 4.37 5.51 1.34 545 6.79 74.77 19.56 


* Data from Rabbit E-180 are omitted from the mean since part of one day’s output of urine was lost. 


substance repetitively. Although the average percentages that were recovered as 
conjugated urinary phenols tended to show the opposite relationship, being greater 
when the animals were given the compound in one dose than when they were given 
it repetitively, the ratio of the values obtained under the two experimental conditions 
was smaller than that noted in the case of free phenol. 

On the average, 53% of the phenol given as 2-ethylhexyl diphenyl phosphate 
was recovered from the feces as firmly bound phenol, presumably as 2-ethylhexyl 
diphenyl phosphate, when the material was given in one dose, while 73% was so 
recovered when it was given on six consecutive days. 

Of the 94% of the administered phenol recovered in all forms, approximately 
four-fifths was in the feces and one-fifth was in the urine. The data indicate that 
little, if any, of the phenol derived from 2-ethylhexyl diphenyl phosphate had suf- 
fered oxidative breakdown in the tissues. 

This conclusion is substantiated further by the absence of fatty acids in the urine. 
The analysis of six 24-hour specimens of urine collected from three rabbits during 
the period of administration of serial dosages of 2-ethylhexyl diphenyl phosphate, 
equivalent to an amount ranging from 2.58 to 8.41 gm. of isocaprylic acid per day, 
revealed no fatty acids other than those normally present. 
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Oral Administration to Human Subjects—2-Ethylhexyl diphenyl phosphate 
was given to each of four volunteers, the dose in each case being 5.0 ml. Because 
of its extremely bitter taste, the substance was given in capsules. Two subjects 
(J. T. and H. S.) took this amount (equivalent to 0.060 to 0.065 ml. per kilogram 
of body weight, respectively) on each of 3 successive days, while a third (W. S.) 
ingested 5.0 ml. (equivalent to 0.085 ml. per kilogram) on each of 15 consecutive 
days. All of these subjects passed somewhat soft and oily but never watery feces. 
Two of the subjects (J. T. and H. S.) noted a slight burning sensation at defecation, 
but the third (W. S.) noted no subjective deviation from normal in any respect. 
The latter subject was given a placebo on the day preceding the administration of 
the first dose of 2-ethylhexyl diphenyl phosphate. His only complaint during the 
entire period was one of slight dizziness, but this was noted only on the day that the 


TaBL_E 3—Recovery of Phenol from Excreta of Human Subjects After Its Administration in Bound Form 
as 2-Ethylhexyl Diphenyl Phosphate Given in One Dose or as a 
Series of Doses on Consecutive Days 
(All Values for Phenol Recovered from Excreta Are Expressed as Percentages of the Amount of 
Bound Phenol Given) 


Phenol Recovered 


As 2-Ethylhexyl 


Diphenyl Phosphate Sum of Values Total Phenol 
Total or Some Closely As Conjugated for Free and Recovered in 
Dose of Related Metabolite As Free Phenol Phenol Conjugated Phenols All Forms 
Identifi- Phenol In In In In In In In In In In 
cation Given, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, Feces, Urine, Total, 
No. Meg. % % % %o To % % % To % % % %o % "0 
A. K. 2,830 $1.48 13.7! 95.26 0.89 0.30 1.19 0.34 5.37 6.21 1.73 5.67 7.40 83.21 19.45 102.66 
®. 8490 9241 6.95 99.386 3.09 8.68.76 108.47 
H.8. 8,490 76.80 7.54 S434 1.17 0.27 1.44 0.21 6.07 6.28 1.38 6.34 7.72 78.18 13.88 92.06 
W.S. «42,4500 74-4500 4.26 078,71 146 0.19 165 1.06 4.77 5838 252 496 748 76.97 922 86.19 


Mean eeeee 81.29 8.13 89.42 1.17 0.26 1.43 0.68 4.83 5.50 1.85 5.08 6.9 83.13 13.21 96.34 


placebo rather than the 2-ethylhexyl diphenyl phosphate was given. fourth subject, 
of a somewhat apprehensive disposition which made him unsuitable for an experi- 
ment of this sort, preferred not to take more than one dose, equivalent in his case 
to 0.08 ml. per kilogram, because he believed that it had been followed by abdominal 
cramps which lasted for a few hours. Unfortunately, a placebo had not been given 
to this subject in advance. 

The results of the analysis of the feces and urine of these subjects are given in 
Table 3 and in Charts 5 and 6. A comparison of these results with those obtained in 
the case of rabbits (Table 2) shows but little difference in the over-all recovery of 
phenol, which was 94 and 96%, respectively, in experiments with rabbits and human 
beings. Furthermore, the proportion of the phenol given that was recovered in both 
the urine and feces as 2-ethylhexyl diphenyl phosphate or as closely related metabo- 
lite amounted to 87.5% in the case of the rabbit and to 89.4% in the case of man. 
. However, the proportion of this product that was found in the urine of the human 
subjects was much less than that found in the urine of the rabbits, while a greater 
proportion of the 2-ethylhexyl diphenyl phosphate was found in the feces of the 
human subjects (81% of the total phenol given) than was found in the feces of the 
rabbits (73%). The results suggest that 2-ethylhexyl diphenyl phosphate is absorbed 
somewhat less readily from the digestive tract by man than by the rabbit. The 
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proportion of phenol found in free and conjugated forms was almost identical in the 
case of the two species (6.9 and 6.8%, respectively, for man and for the rabbit). 
In human feces only about one-third of the phenol liberated in the intestine was 
found to have undergone conjugation, whereas in rabbit feces four-fifths of the 
phenol was conjugated. This difference, which was consistent throughout, may 
possibly be ascribed to a difference in the intestinal flora of the two species. In the 
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Chart 5.—Recovery of phenol as (1) sum of the free and conjugated phenol, (2) 2-ethyl- 
hexyl diphenyl phosphate (or some closely derived metabolite), and (3) sum of the free phenol, 
conjugated phenol, and 2-ethylhexyl diphenyl phosphate from the feces of human subjects 
after the administration of one or more doses of 2-ethylhexyl diphenyl phosphate. (The upper 


portion presents the absolute values, and the lower portion presents the percentage of the 
total dose given.) 


urine of man, the ratio of conjugated to free phenols was 4.8: 0.26; in the urine of 
the rabbit it was 4.37: 1.08. In other words, no more than 0.26% of the phenol 
ingested as 2-ethylhexyl diphenyl phosphate was excreted as free phenol in the 
urine of man, whereas the corresponding value in the case of the rabbit was 1.08%. 
The averages for the urinary concentration of free phenol during the period of 
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ingestion, including the first day thereafter, as calculated for the four subjects were 
0.743, 0.698, 0.683, and 0.249 mg. per 100 mi., respectively. These values are, 
respectively, 12.4, 14, 6.8, and 8.3 times as great as the control values found. for the 
same subjects. However, in view of the fact that the control values for the urinary 
concentration varied from subject to subject by so much as 3 to 1, the increases 
in concentration that resulted from the ingestion of 2-ethylhexyl diphenyl phosphate 
may be regarded as of minor significance. Furthermore, there was no evidence of 
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Chart 6.—Recovery of phenol as (1) free phenol, (2) conjugated phenol, (3) sum of the 
free and conjugated phenol, (4) 2-ethylhexyl diphenyl phosphate (or some closely derived 
metabolite), and (5) sum of the free phenol, conjugated phenol, and 2-ethylhexyl diphenyl phos- 
phate from the urine of human subjects after the administration of one or more doses of 2- 
ethylhexy! diphenyl phosphate. (The upper portion presents the absolute values, and the 
lower portion presents the percentage of the total dose given.) 


any trend toward an increase in the urinary concentration of free phenol from day 
to day, even in the case of the subject who took 15 doses. The maximum amounts 
of free phenol excreted in the urine of any of the subjects in 24 hours exceeded the 
amounts normally excreted by these subjects by only 3 to 9 mg. When compared 
with some of the higher values reported by Deichmann and Schafer,‘ 1.5 to 3.3 mg. 
per day for subjects on freely chosen diets, these amounts of phenol are not far 
beyond the normal range. 
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COMMENT 


In the interpretation of the results obtained on samples of feces and urine by 
the method of drastic hydrolysis, there has been no assurance that the ingested sub- 
stance was not altered chemically, either by bacterial action in the digestive tract 
or by enzymatic action after its absorption into the tissues. The liberation of an 
abnormally large amount of phenol by drastic hydrolysis of either urine or feces 
would not necessarily mean that the phenol had been present in either excretion in 
the form of 2-ethylhexyl diphenyl phosphate. However, these uncertainties do not 
affect the relationship between the amounts of phenol recovered in the form of a 
difficultly hydrolyzable compound and the amounts of phenol ingested in the form 
of 2-ethylhexyl diphenyl phosphate. 

Since no pathologic changes that could be attributed to the absorption of 
2-ethylhexyl diphenyl phosphate were found in the tissues of rats fed on a diet 
containing 10,000 ppm or less of this material over a period of two years and since 
rats fed on a diet containing 1,250 ppm or less of this material grew at rates not 
significantly different from control rats * and since Kaskie ®* showed that bacon kept 
in contact with a plastic film containing 2-ethylhexyl diphenyl phosphate for four 
weeks contained 54.91 mg. (121 ppm) of 2-ethylhexy! diphenyl phosphate per pound 
(this was the highest concentration found in numerous samples of meats and fats 
wrapped in polyvinyl film), the material appears to be safe for use as a plasticizer 
in making such plastic wrappers.” 

SUMMARY 


When 2-ethylhexyl diphenyl phosphate was given repetitively to rabbits in 
dosages ranging from 0.625 to 2.50 ml. per kilogram per day and to human subjects 


in dosages of 5.0 ml. per day, the over-all recovery of phenol in all its forms from 
both feces and urine amounted to 94 and 96%, respectively, of that potentially 
available in the total amount of the compound given. 

Seventy-three per cent of the phenol so given was recovered from the feces 
of rabbits as unabsorbed 2-ethylhexyl diphenyl phosphate, while 14% appeared 
in that or some very similar form in the urine of rabbits. In the case of human 
subjects, 81% of the original material or of some very similar material was found 
in the feces and 8% in the urine. 

Slightly more absorption occurred from the alimentary tract of the rabbit than 
from that of man, since 19.6% of the available phenol (in all forms) was recovered 
from the urine of rabbits but only 13.2% was recovered from the urine of human 
subjects. The metabolic fate was virtually the same in both cases, there being only 
minor differences in the proportion of free to conjugated phenol. 

The over-all recovery and the proportional occurrence of phenol in various forms 
in the feces and urine were not affected in any consistent manner by the size of 
the dose. 

The urinary concentrations of free phenol encountered in the experiments with 
human subjects were 8 to 14 times those found under normal conditions. 


6. Kaskie, J. C.: Personal communication to the authors. 
7. The Meat Inspection Division of the Bureau of Animal Industry, United States 


Department of Agriculture, has accepted the use of 2-ethylhexyl diphenyl phosphate in plastic 
films used to wrap meat and foods. 


j 
| 
{ 
4 


TOXICITY OF 2-ETHYLHEXYL DIPHENYL PHOSPHATE 


Ill. Studies of the Extraction of Santicizer 141 from Polyvinyl Chloride Films by 
Foodstuffs Under Various Conditions of Storage 


J. CLARK KASKIE, M.S. 
ST. LOUIS 


HE BUREAU of Animal Industry of the United States Department of Agri- 

culture requested the Monsanto Chemical Company to obtain data on the 
extraction of Santicizer 141 ' by common foodstuffs from polyvinyl chloride films 
containing the compound. This request came as the result of a growing need for 
nontoxic wrapping films for the food industry. 


GENERAL PROCEDURE 


This report covers extraction tests performed on polyvinyl chloride films plasticized with 
Santicizer 141 and kept in contact with various food samples under several conditions of com- 
mercial storage. The foodstuffs used were lard, butter, oleomargarine, bacon, beefsteak, chicken, 
and pork chops. Several liquids representative of those commonly found in prepared foods were 
also tested. The liquids were mildly acid, mildly alkaline, and neutral saline solutions and 
distilled water. 


The solutions and foodstuffs were kept in storage in contact with the polyvinyl chloride film 
specimens at various temperatures for periods up to four weeks in duration, and a special study 
was made of frozen foods so stored for one year. 

Control samples of the various foodstuffs were wrapped in a commercial grade of cellophane 
and stored under the same conditions and for the same lengths of time as were the experimental 
samples. At the end of one year of storage (Table 5), a taste panel of seven persons sampled the 
various foodstuffs after these had been properly thawed out and cooked. 


RESULTS 


A summary of the extraction data for all tests follows: 


TasL_e 1.—Summary of Extraction Results for Films Submerged for Four Weeks in Various 
Liquids at 38 and 27 C. 


Max. Mg. 8-141 Extracted 


Max. Mg. 8-141 Extracted per Mg. of S-141 Originally 
per Cm.? of Film Present in Film 
(Aqueous Solutions) (38 C.) (27 C.) (38 C.) (27 ©.) 
cdc 0.0100 0.0008 0.0053 0.0004 


None detected None detected 


From the Monsanto Analytical Laboratories. 
1. Santicizer 141 is Monsanto’s registered trademark for 2-ethylhexyl diphenyl phosphate. 
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Taste 2—Summary of Extraction Results for Various Film-Wrapped Foods Stored 
at 34F, (1.1C.) for Four Weeks 


Mg. S-141 Mg. 8-141 Mg. S-141 Extracted 
Extracted per Extracted per per Mg. of 8-141 
Lb. of Foodstuff Cm.? of Film Originally Present 
Foodstuff Average Maximum Average Maximum Average Maximum 
Pork chops* 6.77 10.48 0.0117 0.0181 0.0057 0.0096 
27.14 29.95 0.0705 0.0778 0.0874 0.0413 
4.81 5.12 0.0125 0.0133 0.0067 0.0071 
54.10 57.41 0.147 0.156 0.0779 0.0827 


Maximum total extracted, 209.06 mg. This is equivalent to 0.008% of a diet consisting entirely of 1 lb. 
of each of the above foodstuffs. 

* Beefsteak, pork chops, and chicken could be stored for only one week at 34 F. because of imminent 
spoilage. Pork sausage withstood only three weeks of storage. 


TABLE 3.—Summary of Extraction Results for Various Film-Wrapped Foods Stored 
at —5 F, (—20.6C.) for Four Weeks 


Mg. 8-141 Mg. 8-141 Mg. S-141 Extracted 
Extracted per Extracted per per Mg. of S-141 

Lb. of Foodstuff Cm.? of Film Originally Present 

Foodstuff Average Maximum Average Maximum Average Maximum 
6.60 10.36 0.0114 0.0179 0.0061 0.0095 
20.79 24.64 0.054 0.064 0.0285 0.0338 
16.58 19.43 0.064 0.075 0.0339 0.0398 
13.62 15.09 0.037 0.041 0.0193 0.0217 
33.05 38.23 0.051 0.059 0.0270 0.0312 


of each of the above foodstuffs. 


TasL_e 4.—Summary of Extraction Results for Various Film-Wrapped Foods Stored 
at —5 F. (—20.6C.) for Six Months 


Mg. 8-141 Mg. S-141 Mg. 8-141 Extracted 
Extracted per Extracted per per Mg. of 8-141 
Lb. of Foodstuff Cm.? of Film Originally Present 
Foodstuff ‘ Average Maximum “ Average Maximum Average Maximum 
21.98 22.50 0.057 0.058 0.030 0.031 
eas 15.44 17.48 0.040 0.046 0.021 0.024 
Pork chops . 15.44 17.71 0.027 0.031 0.014 0.016 
Pork sausage web 18.01 18.85 0.047 0.049 0.025 0.026 
20.89 22.03 0.081 0.085 0.043 0.045 
33.51 42.45 0.052 0.066 0.028 0.0385 
17.37 18.17 0.047 0.049 0.025 0.026 


Maximum total extracted, 159.19 mg. This represents 0.005% of a diet consisting entirely of 1 Ib. of each 
of the above foodstuffs. 


TasL_e 5.—Summary of Extraction Results for Various Film-Wrapped Foods Stored 
at —5 F. (—20.6 C.) for One Year 


Mg. 8-141 Mg. S-141 Mg. S-141 Extracted 

Extracted per Extracted per per Mg. of 8-141 
Lb. of Foodstuff Cm.? of Film Originally Present 

Foodstuff Average Maximum Average Maximum Average Maximum 
23.4 24.1 0.061 0.063 0.032 0.033 
39.5 40.4 0.108 0.105 0.054 0.055 
13.0 18.2 0.022 0.084 0.012 0.019 
32.7 39.5 0.126 0.152 0.066 0.080 
49.7 58.8 0.077 0.091 0.041 0.048 
32.9 36.3 0.089 0.099 0.047 0.058 


Maximum total extracted, 217.3 mg. This represents 0.008% of a diet consisting entirely of 1 Ib. of each 


of the above foodstuffs. 
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TasLe 6.—Summary of Extraction Results for Film-Wrapped Lard and Oleomargarine 
Stored for Four Weeks at 70 F. (21.1C.) 


Mg. 8-141 Mg. 8-141 Mg. 8-141 Extracted 
Extracted per Extracted per per Mg. of 8-141 
Foodstuff Lb. ef Foodstuff Cm.? of Film Originally Present 
60.05 0.1631 0.0861 


36.59 0.0974 


0.0514 


SUMMARY 


Distilled water and mildly acid, mildly alkaline, and neutral saline liquids 
extracted only minor amounts of Santicizer 141. For example, the 1% solution of 
sodium bicarbonate after a four-week exposure at 38 C. extracted only 0.0100 mg. 
of the plasticizer per square centimeter of the film. After four weeks at 27 C., a 1% 
solution of lactic acid extracted 0.0044 mg. of Santicizer 141 per square centimeter 
of the film. 

Santicizer 141, as the plasticizing agent in a polyvinyl chloride film, showed high 
resistance to extraction by various foodstuffs during storage. 

After four weeks of storage at —5 F., beefsteak extracted more of the Santicizer 
141 than did other foods tested. A maximum of 0.088 mg. of Santicizer 141 was 
extracted per square centimeter of the film, equivalent to 4.65% of the plasticizer 
originally present in the film. 

After four weeks of storage at 34 F., bacon extracted more of the plasticizer 
than did other foods in the test group. A maximum of 0.212 mg. of Santicizer 141 
was extracted per square centimeter of the film. This was equivalent to 11.20% 
of the plasticizer originally present. 


CONCLUSIONS 
Distilled water and mildly acid, mildly alkaline, and neutral saline solutions failed 
to extract appreciable quantities of Santicizer 141 from polyvinyl chloride films 
containing it. 

Common edible meats and fats did not extract appreciable quantities of San- 


ticizer 141 from films plasticized with it, whether the period of contact was four 
weeks or one year. 


The amount of Santicizer 141 extracted by 6 lb. (2,724,000 mg.) of the different 
meats, meat products, and butter when stored at 34 F. reached a maximum of 
209.06 mg. If these 6 lb. of food constituted one’s total food intake, the 209.06 mg. 
of Santicizer 141 would amount to 0.008% of the diet. 


After four weeks of storage at —5 F., the maximum extraction of Santicizer 141 
from 6 lb. of foodstuffs was equivalent to 0.005% of the theoretical diet mentioned 
above. 

The results of the taste test indicated that the flavor of bacon wrapped in cello- 
phane had deteriorated, while the flavor of that wrapped in the vinyl film remained 
quite good ; the flavor of the fatty portion of beefsteak wrapped in cellophane had 
also deteriorated, while the flavor of that wrapped in the vinyl film was still good. 

The taste panel indicated no preference for either the cellophane-wrapped or the 
vinyl-film-wrapped pork sausage, pork chops, chicken, lard, butter, or lean portion 
of beefsteak. 


] 
| | 
{ 


TOXICITY OF 2-ETHYLHEXYL DIPHENYL PHOSPHATE 
IV. Skin Sensitization Studies of Santicizer 141 


LAWRENCE K. HALPERN, M.D. 
AND 


RICHARD S. WEISS, M.D. 
ST. LOUIS 


: VIEW of anticipated wide usage of polyvinyl chloride films plasticized with 
Santicizer 141,’ it was deemed advisable to investigate the possible skin sensiti- 
zation potential of this material in a formulated film. Accordingly, routine patch 
tests were undertaken on human volunteers. 


GENERAL PROCEDURE 


In a general way the patch-testing technique was carried out in accordance with 
the procedure recommended by Schwartz and Peck* and as reported by us in a 
previous publication.’ This has been termed the “prophetic patch test” and is pre- 
sumed to give information as to whether or not a substance will cause dermatitis 
when in contact with the skin. Substances are known as primary skin irritants if 
after contact with normal healthy skin they cause a dermatitis in the majority of 
persons on first exposure, provided that the concentration and the time of exposure 
are sufficient. If a dermatitis occurs on reexposure, allowing a 7- to 10-day “‘incu- 
bation period” between exposures, the person is then presumed to have become 
sensitized or allergic to the substance. Such substances are considered skin sensi- 
tizers. In carrying out patch tests, two separate tests are performed on the same 
person approximately 10 days apart. 


MATERIALS 


The samples tested were similar to commercially available films and included the following : 
(1) a film consisting of two parts polyvinyl chloride resin and one part Santicizer 141; (2) 
a film consisting of two parts polyvinyl chloride resin and one part dioctyl phthalate with 
titanium dioxide added as pigment; and (3) a film consisting of two parts polyvinyl chloride 
resin, one-half part Santicizer 141, and one-half part dioctyl phthalate. 

A group of 200 volunteers were tested. Their ages ranged from 13 to 70, with an average 
age of 53.1 years. The group was made up of 96 women and 104 men. 


Studies, observations, and reports from the Dermatological Division of the Department of 
Medicine, Washington University School of Medicine (Dr. Halpern), and the Barnard Free 
Skin and Cancer Hospital (Dr. Weiss). 

1. Santicizer 141 is Monsanto’s registered trademark for 2-ethylhexyl diphenyl phosphate. 

2. Schwartz, L., and Peck, S. M.: The Patch Test in Contact Dermatitis, Pub. Health 
Rep. 59:546-557 (April 28) 1944. 

3. Halpern, L. K., and Weiss, R. S.: Sensitization Studies with Nail Polish Base Coats, 
Indust. Med. 18:339-340 (August) 1949. 
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TECHNIQUE 
The technique employed was as follows: 
1. The samples of plasticized film were cut into pieces 1.5 cm. square. 


2. The pieces of film were moistened with water and applied to the skin of the upper 
arm and covered with standard Elastopatches (Duke Manufacturing Company). 


3. The patches were removed in five days, and the site of application was observed at the 
time of removal and again in 24, 48, and 72 hours after removal. 


4. When 10 or more days had elapsed after the removal of the first patches, the patches 
were reapplied. These patches were left in place 48 hours, and the site of application was 
observed at the time of removal and again in 24, 48, and 72 hours after removal. 


RESULTS 
There was no evidence of preexisting sensitivity, and the attempt to produce 
sensitization was unsuccessiul in the 200 volunteers. 

Henderson and Riley * applied statistical principles to the results obtained from 
patch testing. According to their formula, if no positive patch-test reactions are 
found in 200 subjects, the maximum rate of positive reactions in the population from 
which the sample was drawn will be 1.5%; if one positive patch-test reaction is 
found in 200, the maximum rate of positive reactions in the population from which 
the sample was drawn would be 2.2%. They express this estimate at the 95% 
likelihood level; i. e., the estimate is expected to agree with the results obtained 
from the patch testing of an entire population 95% of the time. 

Unless further evidence of toxic or sensitizing action on the skin is found, we 
believe that it is safe to assume that persons may be exposed to polyvinyl chloride 
film plasticized with Santicizer 141, dioctyl phthalate, and equal parts of these two 
compounds with little danger of development of contact dermatitis. 


SUMMARY 
The “prophetic patch test” was performed with polyvinyl chloride film plasticized 
with one or two or with both plasticizers with negative results. 

Patch testing as performed according to the standard technique, the limitations 


of which are generally known, would indicate that films containing these plasti- 
cizers are not primary irritants or sensitizers. 


4. Henderson, C. R., and Riley, E. C.: Certain Statistical Considerations in Patch Testing, 
J. Invest. Dermat. 6:227-230 (June) 1945. 
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SMALL CHAMBER FOR STUDYING TEST ATMOSPHERES 


C. J. SPIEGL, Ph.D. 
L. J. LEACH, B.S. 
K. E. LAUTERBACH, M.A. 


R. WILSON, B.S. 
AND 


S. LASKIN, B.S. 
ROCHESTER, N. Y. 


ESEARCH in industrial hygiene and toxicology on many occasions requires 
an atmosphere containing known concentrations of test materials. Often the 

apparatus for producing such an atmosphere is not available because of the expense 
and time required for its construction or because of its specialization or inconveni- 
ence in use. This laboratory, drawing liberally on the literature and on the ideas of 
many workers, has evolved a small chamber that combines both versatility in use 
and simplicity of construction. The chamber is shown in the Figure. 

The essential features of the chamber are the following : 

A. Five-gallon battery jar mounted horizontally on a wooden stand and bolted 
against a sponge rubber gasket recessed into the upright front board. 

B. Front board which serves as a closure for the glass chamber and as an 
instrument mounting panel. 

C. Source of compressed air (or No, if necessary) giving approximately 5 to 
10 Ib. per square inch at a copper T-tube of about 3¢ in. (1 cm.) diameter. One 
leg of the T furnishes air for a bubbler, the other for dilution purposes. If no com- 
pressed air is available, a pump such as the Gast ' can be used. 

D. Calibrated capillary flowmeter for measuring the air being bubbled through 


the test liquid. A rotameter ? indicating a flow rate of 0 to 2 liters per minute may 
be substituted. 


This paper is based on work performed under contract with the United States Atomic 
Energy Commission at the University of Rochester Atomic Energy Project. 


From the Division of Pharmacology and Toxicology, Department of Radiation Biology, 
The University of Rochester School of Medicine and Dentistry. Mr. Laskin is currently with 
the Institute of Industrial Medicine, New York University. 


1. Gast pump, Model No. 84358, manufactured by Gast Manufacturing Corp., Benton 
Harbor, Mich. 


2. Rotameter, Fisher & Porter Co., Hatboro, Pa. 
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E. Second flowmeter of 0 to 7 liters per minute range to measure the dilution 
air. The combination of air-flow ranges that is suggested allows the study of 
vapors over a wide range of concentrations, but other rates can be used when more 
extreme concentrations are desired. ; 

F. Needle valves on the two air lines. 

G. Glass bubbler (50 ml.) containing the liquid to be vaporized. Bubblers of 
other capacities jacketed for heating or cooling, aspirators for solutions or sus- 


BATTERY JAR 


BUBBLER 
FLOWMETER 


BUBBLERE 
EXHAUST AIR 
AIR SUPPLY FLOWMETER 
Exposure chamber 


pensions, and feed mechanisms for dry dusts can easily be adapted for specific 
purposes. 

H. Glass bulb for mixing and diluting the test vapor or aerosol. 

I. Exhaust vent with a hose leading to a hood or other ventilation system. 

Average atmospheric concentrations are calculated simply from the loss in 
weight of the bubbler and from the total volume of air used. When highly volatile 
liquids are tested, a pretest run of about 10 minutes is necessary in order that tem- 
perature equilibrium be established within the bubbler. On occasions, it may be 
desirable to determine the concentration of the chamber atmosphere directly by 
means of the usual types of sampling instruments. 


tnd 
; 
3 


288 INDUSTRIAL HYGIENE AND OCCUPATIONAL MEDICINE 


Six to 10 of the chambers described have been used at various times in this 
laboratory for vapors of carbon tetrachloride, iodine, and a variety of halogenated 
hydrocarbons, for aerosols of uranium compounds, sodium chloride, and histamine, 
and for some low-level radioactive aerosols. 

Atmospheres have been produced for rapid range-finding toxicity tests with 
rats, mice, guinea pigs, and hamsters, for study of efficiencies, calibration constants, 
and behavior characteristics of low-volume air sampling instruments, and for edu- 
cational programs. 

SUMMARY 
In this paper details are given for the construction of a chamber for producing 


test atmospheres, together with some of the uses for such a chamber. The primary 
features are versatility and simplicity. 
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CHRONIC ORAL TOXICITY OF ETHYL PHTHALYL ETHYL 
GLYCOLATE IN RATS AND DOGS 
HAROLD C. HODGE, Ph.D. 
ELLIOTT A. MAYNARD, Ph.D. 
HARVEY J. BLANCHET Jr., M.D. 
ROBERT E£. HYATT, M.D 
ROCHESTER, N. Y. 
VERALD K. ROWE, A.B. 
AND 


HOWARD C. SPENCER, Ph.D. 
MIDLAND, MICH. 


THYL phthalyl ethyl glycolate (EPEG) is used in the formulation of certain 
plastics. Since many of these plastic products have special value as packag- 
ing materials for foodstuffs, there is the possibility that under certain conditions 
of use minute quantities of ethyl phthalyl ethyl glycolate might be present in food 
products. Consequently, a thorough study of the chronic oral toxicity of this 
plasticizer was undertaken in order to evaluate any health problems that might be 
presented by its use in such plastic products. This report summarizes the results 
of a toxicity-testing program in which rats received various percentages of EPEG 
in the diet for a period of two years and dogs received daily oral doses for a period 
of one year. 


EXPERIMENTAL PROCEDURES 


Short-Term Feeding Studies —Rats and Dogs: Groups of six male albino rats of the Roches- 
ter (ex-Wistar) strain were given, following weaning, diets of Purina fox chow meal with meat 
into which up to 10% of EPEG was mixed for periods of 10 weeks (Table 1). Rats in the 
group given a 10% diet died after 7 to 15 days; one out of six died in each of the groups 
given the 3 and 5% diets, respectively. A slight retardation in growth was found in those rats 
receiving the 3% concentration and a marked retardation in those receiving the 5%. In the 
latter group the kidneys were enlarged, and on histological examination crystalline masses 
were found in the tubules. 

Groups of five female, 2-month-old-albino rats were maintained on diets containing 0, 
0.3, 1.0, and 3.0% of EPEG for four months. The groups on the 0.3 and 1.0% diets grew 
normally. Even those on the 3.0% diet made good weight gains, although their growth curve 
was slightly depressed. The animals receiving the 0.3, 1.0, and 3.0% diets were entirely normal 
as judged by general appearance, organ weights, blood urea-nitrogen level, hemoglobin values, 
and gross and microscopic examination of the tissues. 

A dog given EPEG in the amount of 2 gm. per kilogram per day for three months also 
exhibited advanced kidney lesions, whereas a dog given 0.2 gm. per kilogram per day for five 
weeks showed no histological changes. Otherwise, for both dogs normal urine sugar and 
protein values, hematological values, and organ weights were recorded; no other specific 
tissue changes as a result of treatment were found on histological examination. 


From the Division of Pharmacology and Toxicology, University of Rochester School of 
Medicine and Dentistry (Dr. Hodge, Dr. Maynard, Dr. Blanchet, and Dr. Hyatt), and the 
Dow Chemical Company (Mr. Rowe and Dr. Spencer). 
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Tas_eE 1.—Short-Term Feeding Studies of EPEG 


Average Body 
Weight 
Diet 
Dosage, Initial, Final, 
Gm, Gm Mortality Urinalysis Hematology Organ Weights Pathology 
A. Rats 
Six Males per Group; Duration—(Two and One-Half Months) 
0 41 223 0/6 Normal Normal Normal Normal 
3 42 206 1/6 Normal Normal Normal Normal 
5 43 140 1/6 Normal Questionable Increased Crystalline 
increase in kidney masses 
eosinophile weight kidney tubules 
percentage 
10 49 36 6/6 in 15 days 
B. Rats 
Five Females per Group; Duration—(Four Months) 
0 181 214 Hemoglobin Normal Normal 
normal 
0.3 184 210 > Normal Normal Normal 
1.0 181 219 Normal Normal Normal 
3.0 181 201 ie: er Normal Normal Normal 
360 
340 
320 
300 
280 
260 
a 
190 
160 
140 
© CONTROLS 
3 
@ 50% 
TIME IN WEEKS 


Fig. 1—Growth curves for rats fed on diets containing various percentages of EPEG. 
Note separation of the duplicate control curves for each sex, the upper curves representing 
the male rats and the lower curves the female. ; 
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Chronic Feeding Study.—Rats: A two-year feeding study was conducted on groups of 25 
male and 25 female rats maintained on diets containing 0 (control groups set up in duplicate), 
0.05, 0.5, and 5.0% of EPEG, respectively. It is evident from Figure 1 that the two control 
groups and the groups on the 0.05 and 0.5% diets grew in practically identical fashions. In 
fact, through most of the first year, especially for the females, the two experimental groups 
had average weights lying between the averages of the duplicate control groups. The groups on 
the 5% diet consistently showed depressions of the growth curves, amounting to 50 to 100 gm. 
for the male rats and to 20 to 30 gm. for the female rats (Table 2). During the second year, 
rats of the control groups and of the groups on the 0.05 and 0.5% diets maintained the positions 
of body weights established at the end of the first year. In the final two or three months of 
the second year, a marked variability in average weight appeared. The life span was reduced 
only among those rats on the highest dietary level (5%); none of the males survived the 55th 
week of feeding and none of the females the 72d week. 


TABLE 2.—Comprehensive Summary of Observations on Rats Fed EPEG 


Hematology 
(Normal 
Body Weight Except 
A as Noted) 


“Initial, 1 Year, 2 Years, Mortality, 
Gm. Gm. Gm. % 


RBC 
Diet Dosage Urinalysis (Millions){ Pathology 
Control 
Males 166 348 
166 332 
230 


Females 136 
130 208 


325 Normal 9. Chronie low-grade abnor- 
308 Normal s malities in lung, kidney, 

and liver; parasites, tu- 
262 Normal . mors; scattered abnor- 
226 68 Normal 5 malities in other organs 


0.05% 


Males 166 Normal 9. Same as control 
Females 130 2 Normal 


0.5% 


Males 164 Normal . Terminally same as con- 
Females 130 9 60 Normal trol 


5.0% 


Males 160 2 was Elevated sugar ' Crystalline masses in kid- 

Females wee + values 6. ney tubule lumina, with 
widespread derangement 
of kidney architecture; 
ealeuli of calcium oxalate 
in kidney pelvis and in 
bladder; bladder and 
seminal vesicles dilated 
and hemorrhagic 


* Fifty-fifth week. 
+ Seventy-second week. 
} Data from examination at 12th month. 


During the two-year period, seven blood samples were taken for hematological study. 
One sample was taken at weaning before beginning the experiment, and thereafter samples 
were taken at the following months: 2d, 6th, 9th, 12th, 18th, and 24th. Records were made 
of hemoglobin values, red blood cell counts, white blood cell counts, and differential counts. 
For the most part, normal values were found, although (Table 2) there was a low-grade 
anemia in the 5% groups. 

Pooled urine samples were collected on approximately the same schedule as the schedule 
for blood sampling. Except for elevated percentages of sugar in the urine of rats of the 5% 
groups, only normal values for sugar and protein were recorded. 

At the end of the two-year period, the surviving rats were killed by decapitation. At 
autopsy, samples were taken from the following tissues: heart, stomach, small and large 
bowel, brain, bladder, liver, kidney, spleen, lungs, gonads, and bone marrow. The tissue 
sections were stained with hematoxylin and eosin in preparation for histological examination. 

The extraordinary kidney pathology associated with the 5% diet was so striking that 
attention will be directed to this group first. The sample material was collected from both 
male and female rats during the 6th to 17th months. On gross examination, mottled granular 
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kidneys were frequently found, although sometimes the kidneys were swollen and pale yellow. 
The pelvis of the kidney was usually dilated, and frequently a hard, stag-horn calculus or a fine 
sand or both were seen. Bladder, prostate, and seminal vesicles were frequently markedly 
dilated with internal hemorrhage. 

On microscopic examination, tubular lesions were observed; deposits of a birefringent, 
crystalline material in the tubules (Figs. 2 and 3) produced a widespread derangement of normal 
kidney architecture. Around many of the crystalline deposits there was observed a hemorrhagic 


Fig. 2—Widespread derangement of kidney architecture in a rat fed on a diet containing 
5% * EPEG. The glomeruli appear to be normal, but some tubules are dilated, and crystalline 
masses (bright spots) may be seen here and there. x 60, polarized light. 


or granulomatous reaction, with evidence of a severe diffuse inflammation, presumably secondary 
to the obstruction. Three fragments of the crystalline material taken from the pelves were 
examined chemically by Dr. Herbert E. Thompson. The material was largely inorganic (about 
86%) and was principally calcium oxalate (about 75%), although a small percentage (up to 
4%) of phosphate was found. Magnesium and carbonate were both absent. The chemical 
findings were confirmed crystallographically through the courtesy of Dr. A. A. Nelson of the 
Food and Drug Administration; the crystals were described as a calcium oxalate hydrate. 
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None of the surviving rats from the 0.05 or 0.5% groups exhibited crystalline masses in the 
kidneys, although one rat of the 0.05% group had material in the lumina of certain kidney 
tubules sufficiently like the crystalline deposit described above to raise a question of identity. 
All kidney sections from rats of both groups were then examined by means of a polarizing 
microscope; the findings were uniformly negative—the deposit of questionable identity was not 
crystalline. 


Fig. 3.—A crystalline mass in the lumen of a kidney tubule of a rat fed on a diet containing 
5% of EPEG;; this was tentatively identified as a deposit of calcium oxalate hydrate. x 430, 
polarized light. 


Scattered abnormalities unrelated to treatment were occasionally found in the tissues of 
rats of the 0.05 and 0.5% groups. Some chronic interstitial nephritis and chronic pyelitis were 
found. Two of the rats in each group bore tumors; these involved lung, testicle, and breast. 
Parasites were found occasionally both in the bladder (trichosomoides crassicauda) and in the 
gastrointestinal tract (nematodes). Granulomata of the liver, tentatively attributed to parasitic 
or other infections, were found. 


ae 
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Chronic Feeding Study.—Dogs: Six male dogs were given daily doses of EPEG for a 
period of one year, two dogs being paired and given each of the following doses: 0.01, 0.05, and 
0.25 gm. per kilogram per day. Four control dogs were also studied. The dogs completed 
the feeding period without serious variation in body weight in either gain or loss. 

Blood samples were taken preexperimentally and after the Ist, 3d, 5th, 7th, 9th, 11th, and 
12th months for hematological study. Mostly normal values were found; there was no indica- 
tion of an adverse effect of EPEG. 

Urine samples were collected at least once preexperimentally and periodically during the 
year; sugar and protein values were normal. The dogs were killed at the end of the year- 
long period by the intravenous administration of a barbiturate. At autopsy, organ weights 
were recorded, and no trend in organ weights with dosage was observed. 

Tissue samples were taken for histological study as follows: heart, lungs, spleen, gastro- 
intestinal tract, pancreas, liver, adrenals, kidneys, pelvic organs, vascular system, neck organs, 
bone marrow, and brain. No histological changes were found that were attributed to the 
administration of EPEG. Some evidence of chronic low-grade interstitial nephritis was 
encountered, but since this was seen both in the control and in the experimental dogs, and since 
it did not increase in amount or severity with dosage, this kidney abnormality was not 
ascribed to the administration of EPEG. A number of scattered abnormalities, e. g., slight 
testicular atrophy, chronic mitral endocarditis, and intestinal parasitism, were found in both 
the control and the experimental animals. 


COMMENT 

The principal toxicological findings in the administration of EPEG were the 
crystalline deposits in the kidney tubules of rats. It seems reasonable to attribute 
the origin of these crystals of calcium oxalate to the ethyl glycolate moiety of 
EPEG. Beginning with the work of Pohl? in 1896, in which ethylene glycol 
administered to dogs was shown to increase the urinary oxalate concentration, 
ethylene glycol and certain derivatives have been shown to be metabolized and 
excreted partially in this form.* Several derivatives apparently are not such good 
sources of oxalate; for example, dioxane and propylene glycol.? In a number of 
human fatalities from large doses of: ethylene glycol,* the kidney tubules were 
loaded with calcium oxalate crystals; interestingly enough, the only other deposits 
of crystals were in the brain. In the matter of crystal production, EPEG may 


1. Pohl, J.: Uber den oxydativen Abbau der Fettkérper in thierischen Organismus, Arch. 
exper. Path. u. Pharmakol. 37:413 (July 14) 1896. 

2. Hanzlik, P. J.; Seidenfield, M. A., and Johnson, C. C.: General Properties, Irritant 
and Toxic Actions of Ethylene Glycol, J. Pharmacol. & Exper. Therap. 41:387 (April) 1931. 
Chiray, M.; Justin-Besancon, L.; Dieryck, J., and Debray, C.: Recherches sur 1|’oxalurie 
expérimentale produite par l’éthylene-glycol, Compt. rend. Soc. biol. 135:284 (March 8) 1941. 
Haag, H. B., and Ambrose, A. M.: Studies on the Physiological Effect of Diethylene Glycol: 
Toxicity and Fate, J. Pharmacol. & Exper. Therap. 59:93 (Jan.) 1937. Caccuri, S., and Cortese, 
O.: Sulle modificazioni dell’ossaluria e dell’ossalemia nella intossicazione da glicoletilene, Folia 
med. 27:938, 1941. 

3. (a) Wiley, F. H.; Hueper, W. C.; Bergen, D. S., and Blood, F. R.: The Formation of 
Oxalic Acid from Ethylene Glycol and Related Solvents, J. Indust. Hyg. & Toxicol. 20:269 
(April) 1938. (b) Morris, H. J.; Nelson, A. A., and Calvery, H. O.: Observations on the 
Chronic Toxicities of Propylene Glycol, Ethylene Glycol, Diethylene Glycol, Ethylene Glycol 
Mono-Ethyl-Ether, and Diethylene Glycol Mono-Ethyl-Ether, J. Pharmacol. & Exper. Therap. 
74:266 (March) 1942. (c) Holck, H. G. O.: Glycerin, Ethylene Glycol, Propylene Glycol and 
Diethylene Glycol: Report on Feeding Experiments with Rats, J. A. M. A. 109:1517 (Nov. 6) 
1937. (d) Fitzhugh, O. G., and Nelson, A. A.: Comparison of the Chronic Toxicity of Tri- 
ethylene Glycol with That of Diethylene Glycol, J. Indust. Hyg. & Toxicol. 28:40 (March) 1946. 

4. Pons, C. A., and Custer, R. P.: Acute Ethylene Glycol Poisoning: Clinico-Pathologic 
Report of 18 Fatal Cases, Am. J. M. Sc. 211:544 (May) 1946. 
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be compared with ethyl glycol monoacetate, which also increases urinary oxalate 
excretion.** The kidney lesions associated with the formation of crystals in chronic 
exposures should not be confused with the kidney damage associated with thrombus 
formation in acute diethylene glycol poisoning.® 

The absence of any indication that EPEG is carcinogenic should be stressed. 
Tumors occasionally occur in our rats when they have been kept for two years. 
Hueper * has listed diethylene glycol as a cancerigenic agent because of a single 
instance ‘ of malignancy in the bladder of a rat in which crystalline masses developed 
after it had ingested diethylene glycol for an extended period. No such bladder 
cancer was found in the current study. 


The daily dosage level at which no signs of toxic effect appear is always of 
interest, since this figure can be used in estimating the factor of safety in industrial 
and other exposures. In both rats and dogs, a dosage of 250 mg. per kilogram 
per day gave no evidence of effect. Such values permit the classification of EPEG 
as a substance of low toxicity. 

SUMMARY 


Groups of 25 male and 25 female rats were maintained on diets containing 
0, 0.05, 0.5, and 5.0% of EPEG, respectively, for a period of two years. Only 
the rats on the 5% diet exhibited retardation in growth, and only among these 
rats was the life span reduced. Hematological data were mostly normal. Urine 
analyses were normal in the 0.05 and 0.5% groups. On examination of tissues 
of the 5% groups, deposits of crystalline calcium oxalate were found in the renal 
tubules. No other pathological lesions arose from the treatment. 


Dogs paired in twos were given each of the following daily doses of EPEG: 
0.01, 0.05, and 0.25 gm. per kilogram. Four control dogs were also studied. No 
effects were observed on body weight. All the dogs survived. Hematological 
values and urine analysis were normal. Organ weights were within normal limits. 
No histological changes were found at the end of a one-year feeding period. 
Specifically, oxalate crystals in the renal tubules or other kidney lesions did not 
appear. 

Joan Thomas assisted with the toxicological measurements, Helen McRae and Aurora 


Ranalletta with the hematological studies, Louis Ray with the urine analysis, Raymond Kesel 
with the care of the animals, and Jane Thompson with the preparation of the graph. 


5. Cannon, P. R.: Pathologic Effects Following the Ingestion of Diethylene Glycol, Elixir 
of Sulfanilamide-Massengill, “Synthetic” Elixir of Sulfanilamide and Sulfanilamide Alone, 
J. A. M. A. 109:1536 (Nov. 6) 1937. Kesten, H. D.; Mulinos, M. G., and Pomerantz, L.: 
Renal Lesions Due to Diethylene Glycol: Preliminary Report, J. A. M. A. 109:1509 (Nov. 6) 
1937. Harris, P. N.: Observations on Diethylene Glycol Poisoning in Rats and Cats, Arch. 
internat. pharmacodyn. 79:164 (May 1) 1949. 

6. Hueper, W. C.: Environmental Cancer Hazards Caused by Industrial Air Pollution: 
Introductory Comment to Discussion, Arch. Indust. Hyg. & Occup. Med. 2:325 (Sept.) 1950. 

7. Nelson, A. A.; Fitzhugh, O. G., and Calvery, H. O.: Liver Tumors Following Cirrhosis 
Caused by Selenium in Rats, Cancer Res. 3:230 (April) 1943. 


day without injury to health. 


These values are based on the best available information from industrial experience, from 
experimental studies, and, when possible, from a combination of the two. 
values but are reviewed annually by the Committee on Threshold Limits for changes, revisions, 
or additions as further information becomes available. 
guides in the control of health hazards and should not be regarded as fine lines between safe 
and dangerous concentrations. They represent conditions only within which it is felt that 
workers may be repeatedly exposed, day after day, without their health being adversely 
affected. It is felt, at the present time, that workers should not be exposed to a working environ- 


Special Reports 


THRESHOLD LIMIT VALUES FOR 1953 
Adopted at the Meeting of the American Conference of Governmental Industrial 
Hygienists, Los Angeles, April, 1953 


ALUES are given in the following tabulation for the maximum average atmospheric con- 
centration of contaminants to which workers may be exposed for an eight-hour working 


ment containing any of these substances in excess of the value indicated. 


GASES AND VAPORS 


SUBSTANCE PPM 

1 
Butyl Cellosolve (2-butoxyethanol) . 200 
20 
Carbon monoxide ................. 100 
Carbon tetrachloride .............. 25 
Cellosolve (2-ethoxyethanol) ...... 200 
2-Chlorobutadiene ................. 25 


* New values. 
+ Changes from the 1952 list. 


SUBSTANCE PPM 
1-Chloro-1-nitropropane ........... 20 
Cyclopropane (propene) .......... 400 

*1-2 Dibromoethane (ethylene 

o-Dichlorobenzene ................. 50 
Dichlorodifluoromethane ........... 1,000 

41,2-Dichloroethane (ethylene 

1,2-Dichloroethylene ........... 
Dichloroethyl ether ................ 15 
500 
Dichloromonofluoromethane ....... 1,000 
1,1-Dichloro-1l-nitroethane ......... 10 
1,2-Dichloropropane (propylene 

Dichlorotetrafluoroethane .......... 1,000 
Diméthylaniline. 5 


They are not fixed 


Threshold limits should be used as 
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SUBSTANCE PPM SUBSTANCE PPM 
25 Methyl iso-butyl ketone ............ 100 
Ethylene chlorohydrin ............. 5 1 
400 Nitrogen oxides (other than N,O) . 25 
Teopropyl 400 Styrene monomer ................. 200 
(2-methoxyethanol) ............. 25 {Trichloroethylene ................. 200 
Methylcyclohexanol ............... 100 
TOXIC DUSTS, FUMES, AND MISTS 
MG. PER MG. PER 
SUBSTANCE cU. M. SUBSTANCE cu. M. 
cis 0.5 Chromic acid and chromates as CrOs 0.1 
0.1 thiophosphate (parathion) ...... 0.1 


. 
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SUBSTANCE SUBSTANCE 
Phosphorus pentasulfide 
Selenium, as Se 
Sulfuric acid 
Tellurium 
Magnesium oxide fume Tetryl 
Manganese Trichloronaphthalene 


Mercury Trinitrotoluene 
Pentachloronaphthalene *Uranium (soluble compounds) 
Pentachlorophenol *Uranium (insoluble compounds) ... 


Phosphorus (yellow) Zinc oxide fume 
Phosphorus pentachloride 


SUBSTANCE MPPC SUBSTANCE 
Alundum Silica 
Asbestos high (above 50% free SiOz)...... 
Carborundum medium (5 to 50% free SiO:).... 
Dust (nuisance, no free silica) low (below 5% free SiOz)........ 
Mica (below 5% free silica) Slate (below 5% free SiOz) 
Portland cement { Soapstone (below 5% free SiOz).... 
Total dust (below 5% free SiOz)... 


RADIATIONS 


MATERIAL OR RADIATION MATERIAL OR RADIATION 


Gamma (roentgens per week) , Roentgen (roentgens per week).... 0.3 


L. 

L. T. FArRHALL 

KINGSLEY Kay 

H. E. SToKINGER 

A. J. VoRWALbD 

Louts F. WELLER 

ALLAN L. CoLEMAN, Chairman 


= 
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MG. PER MG. PER 
CU. M. 
1.5 
0.05 
MINERAL DUSTS 
MPPCF 
20 
50 
20 
50 
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ferrainy Ci 
an agent of choice in urinary, fract infections 


- 


* promptly effective against a 
broad-spectrum of urinary pathogens 


* high concentration in active form 
in urinary tract 


* well tolerated, even upon prolonged 
administration 


“The resistant cases showed remarkable response.”* 
“.., has cured where all other antibiotics have failed.”* 


“Patients with pyelitis were well and 
doing their usual duties within 24 hours..." 


“Morbidity from apparent genito-urinary 
causes was noted in only one patient of 44 
patients who received prophylactic Terramycin.”” 


“Terramycin is generally well :oierated, the percentage 
of relapses being low and the percentage 

of bacteriological as well as clinical cures high.”* 

1. Ferguson, C., and Miller, C. D.s J. 'Jrol, 672762 (May) 1982. 


2, Trafton, H. M., and Lind, H, E.: Wid. 69:315 (Feb.) 1953. 
3, Blahey, P. R.: Canad. M, A. J. 6¢ 182 (Feb.) 1952. 


BROOKLYN 6. N.Y. 
OLVIBION, CHAS. PFIZER & CO.. ING, 
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instant 
first aid for 


| snake bite 


...the new and improved 
Saunders’ Snake Bite Kit, 
exclusive with QW, ... 


When a poisonous snake strikes, suction must be applied sm- 
mediately. Venom must be prevented from spreading through 
the body. The new, improved Saunders’ Snake Bite Kit provides 
instant first aid with the right kind of suction—controlled and 
increased as desired. Easily and quickly administered, by the 
victim alone if necessary. Kit provides everything needed 
for emergency first aid: tourniquet, lancet, ammonia inhalants, 
iodine swabs, adhesive bandages, Saunders’ venom- ar 
suction pump with two adapters. Write for data. (Se 

* Patented 


Mico pronounced EM-ESS-CO 
Medical Supply Company 


Rockford, Illinois - In Canada, it’s Safety Supply Co. 


TO HELP YOUR PATIENTS 
AND SAVE YOU TIME 


Booklets on Eyesight 


These booklets prepared especially for the 
American Medical Association will answer 
many of your patients’ questions for you. 
Among the titles, you will undoubtedly find 
topics you've had to discuss at length with 
patient after patient taking up time that 
you could have used to treat other patients. 
Let these booklets solve that problem for 
you. 


WHOM SHALL I CONSULT ABOUT 
MY EYES? F. T. Jung. 8 pages. 15 cents. 


EYES-RIGHT! Audrey McKeever. 14 pages. 
20 cents. 


HOW TO SAVE YOUR EYES. Cleo Du 
Bois. 4 pages. 10 cents. 


SHOULD YOUR CHILD WEAR GLASS- 
ES? J. Robert Burke. 12 pages. 15 cents. 


CATARACT. 


‘15 cents. 


Abram B. Bruner. 12 pages. 


CONTACT LENSES. Marguerite Shields. 3 


pages. 10 cents. 


COLOR BLINDNESS. Dean Farnsworth 


and Conrad Berens. 2 pages. 5 cents. 


WHAT TO DO FOR BLIND CHIL- 
DREN. Park Lewis. 26 pages. 15 cents. 


PERFECT EYESIGHT WITHOUT 
GLASSES. Meyer Wiener. 2 pages. 5 cents. 


ONE EYE SEES EVERYTHING. Phyllis 
Duke-Elder. 2 pages. 5 cents. 


Keep a supply on hand. Available at lower 
cost for quantity purchases. Write for 
prices. 


AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, IHinois 
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RESULTS COUNT !...1n Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 
(Athlete's Foot) 


“= 


ee Ointment and powder of ZINCUNDECATE 
— Solution of UNDECYLENIC ACID 


Pharmaceutical Division Cures average case in one to three weeks 


WALLACE & TIERNAN COMPANY, INC., Belleville 9, N. J., U.S.A. 


PAMPHLETS 


Vision 


PD-32 


Color Blindness. Dean Farnsworth and Conrad Berens. 
2 pages. 5 cents. 


8 Cataract. Abram B. Bruner. 12 pages. 15 cents. 


EYES — RIGHT! Audrey McKeever. 14 pages. 20 cents. 
How to Save Your Eyes. Cleo Du Bois. 4 pages. 
10 cents. 


AMERICAN MEDICAL ASSN. 
Should Y Child W ? R 
ear Glasses J obert Burke 535 N. Dearborn St. Chicoge 10 


Close-up of Eye Cp 
Taken with New 
Exakta “VX” this Coupon 


Camera 


New Model With Pre-Set 
Diaphragm Control 


EXAKTA “VX” 


35mm Single Lens Reflex Camera 
For Parallax-Free Medical 
Photography 


The Exakta, with instantly interchangeable lenses, is 
widely used by industrial physicians for every type of 
medical and research photography. Its unique through- 
the-subject”’ photographs, in extreme close-ups or throug Pee 

the microscope. In addition, this world famous medical but a wealth of informative data that should prove 
camera is regularly used for preliminary, developmental. invaluable to you and your company throughout 
and end result pictures of patients; for copying Steves the future. 

and for — color transparencies—a necessity for 

ec 


663 FIFTH AVENUE, NEW YORK 22, N. Y. 


Penta-Prism Eye Level Reflex Viewfinder 
Extension Tube Set 
Send your free Question and Answer Soap Data 


Microscope Adapter 
Write Dept. 800 for free descriptive booklet “H” on 


camera and accessories and brochure on close-up tech- 
nique with the Exakta. 


EXAKTA CAMERA CO., 46 W. 29th St., N.Y. 1, N.Y. 


Exclusive Sales and Service Organization in the 
U.S.A. for Ihagee Camera Works, Germany 


City. State 
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Originally designed by THE ATOMIC G VO LU E 
ENERGY COMMISSION and manufac- 
tured for them by THE STAPLEX COM- 
PANY, this HIGH VOLUME AIR SAM- Al a 4, AM PLER 
PLER is the ONLY TYPE OF ITS KIND. 
Easily portable . . . capable of collect- 
ing large volumes of air . . . sampling 
for a wide range of particulate matter 


as small as 1/100th of a micron in 
diameter. 


Three different types of filters supplied. 

The unit may be operated for long 

periods of time without over-heating. a 

This HIGH VOLUME AIR SAMPLER 
has become quite a necessity in main- i rRaoe MARK 

taining modern health standards, and 


many industries and Health Depart- 
ments are using them for the wide and 


varied practical service they offer. THE =Staplex co. 


This is the HIGH VOLUME AIR SAM- Air Sampler Division 
PLER mentioned on page 497 of the 779 Fifth Ave. 
June issue of this publication. Brooklyn 32, N. Y., U.S. A. 


PY . 
<3 
t 
ha 
»)) 
ag 
poe 


Testing gas mask canisters to be sure they will conform to U.S. 
Bureau of Mines requirements. Tests are made in initial experi- 
mental stage and also on the production line at regular intervals 
to insure quality and uniformity of the product. 


To make certain that Willson gas mask canisters resist damage 
from humidity changes, they are given this improved humidi- 
fication test in our industrial hygiene laboratories. 


Willson’s complete line of 


APPROVED 
RESPIRATORY 
PROTECTIVE 
EQUIPMENT 


effectively filters them all! 


To help overcome the hazards that 
contribute to respiratory ailments, our 
Industrial Hygiene Laboratories have 
cooperated with outstanding authori- 
ties ever since the war on occupational 
diseases began. Willson’s continuing 
research has resulted in a line of respi- 
rators which have earned more U. S. 
Bureau of Mines Approvals than any 
other similar equipment. Full informa- 


tion will be sent promptly upon request. 


More Than 300 Safety Products 
Carry This Famous Trademark 


WILLSON 


Established 1870 
WILLSON PRODUCTS, INC. 
211 Washington Street, Reading, Pennsylvania 
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“The advantage of using 


a single agent for 
scrubbing the patient’s 


skin and the surgeon’s 
hands is evident.’”’ 


pHisoHex, routine 2 minute “surgical hand prep” 
in leading hospitals, is now used extensively for 
preoperative preparation of the patient’s skin. 


Rapid in action pHisoHex makes skin virtually sterile in most 
instances, not merely surgically clean. 


Long-acting pHisoHex inhibits bacterial growth for hours and 
days because it is adsorbed to skin. 


Safe and gentle pHisoHex is hypoallergenic, nonirritating; it con- 
tains no alkali, potash, fatty acids or coconut oils. 


® 
> 
WINTHROP (PHISODERM® WITH HEXACHLOROPHENE 3%) 


Continuous hand antisepsis is practically assured 
the surgeon who uses pHisoHex daily and ex- 
clusively. For office and home use pHisoHex is 
available in a 5 oz. refillable squeeze bottle. Also 
in pints and gallons. 


we NEW YORK 18, N.Y. WINDSOR, ONT. 


Artz, C, P., Pulaski, €. J.. and Shoeffer, J. R.; 
U. S. Armed Forces Med. Jour., 2; 819, May, 1951. 


PHISOHEXK AND PHISODERM., TRADEMARKS REG. U.S. &@ CANADA 
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